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FOREWORD 


It is a pleasure to write this foreword to the Petroleum Division’s 
volume of Transactions. The three meetings of the year—at Los 
Angeles, Oklahoma City and New York—resulted in a larger number of 
papers of acceptable quality than usual. All the meetings were of 
vigorous character, particularly in respect to discussion of papers pre- 
sented. The subject matter covered the origin of oil, notable recent 
discoveries in California, technique of various phases of exploitation, 
reservoir behavior, and a particularly notable session on economics. 

The guest speaker at the Annual Dinner, Mr. Whiting Williams, 
gave a highly interesting and entertaining word picture of experiences 
with labor and labor relationships. 

The effort to improve the usefulness of the Petroleum Division has 
resulted in two steps, as follows: (1) approval by the Board of Directors 
of the engagement of a man intimately acquainted with the petroleum 
industry as an Assistant Secretary of the Institute, to be attached to the 
New York office, and (2) the establishment of PeTROLEUM TECHNOLOGY, 
a quarterly publication to be devoted to the more prompt publication of 
technical and economic papers of interest to engineers engaged in petro- 
leum work. Publication was initiated with the issue of February 1938. 
A major duty of the new Assistant Secretary will be to serve the Petro- 
leum Division, and much of his time is to be spent in maintaining effective 
contact with men in the industry by personal visits. 

In contrast with recent preceding years, there was no program session 
on stabilization at the Annual Meeting. It should not be assumed that 
the chairman of this committee was inactive, or that important progress 
was not made in this committee’s work during the year. With a back- 
ground such as developed by this committee’s work over this and preced- 
ing years, the preparation of papers like that delivered by Dr. Alexander 
Sachs* at the session on economics is stimulated, and they have a 
favorable reception. Space in this foreword does not permit mention of 
other significant papers and efforts relative to stabilization during 
the year. 

Under the chairmanship of John Suman, the Lucas Medal Award 
Committee awarded the medal to Henry L. Doherty, for his great service 
in bringing about general recognition of the proper function of gas in the 
production of oil. 


* As yet unpublished. 
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The preparation and publication of statistics on petroleum production 
continues as an important service by the Institute. 

To the great regret of members in the Petroleum Division, came the 
retirement of Dr. Eugene A. Stephenson, University of Kansas, as the 
elective Secretary-Treasurer. Fortunately, Dr. Stephenson will con- 
tinue active in Division affairs. B.C. Craft, Louisiana State University, 
the newly elected Division Secretary-Treasurer, is well and favorably 
known to most of us through his activity in Institute affairs. 

Such success as the Division has had during the year has been due 
to cooperation of many individuals, both those in official positions and 
others. Particular recognition is due those who have contributed 
papers. It is of interest to observe that many of the foremost con- 
tributions come from those attached to universities and colleges. 


M. ALBERTSON, Chairman, 
Petroleum Division, 1937. 


PLANS OF THE PETROLEUM DIVISION FOR 1938 


By G. B. Corzess, CHairMAN or Division 


Wiru the inauguration of Perroteum Tecunooay this year, and 
approval by the Board to add an Assistant Secretary to the New York 
staff to serve the Petroleum and Coal Divisions, the Petroleum Division 
looks forward to greater opportunities and responsibilities. An improved 
medium of publication offers further incentive to engineers and investi- 
gators in the oil industry to make contributions. 

The authorization by the Board of Directors of a new Assistant 
Secretary is an appreciation of the splendid contributions made to the 
industry by the open forum of the Petroleum Division. It is also a 
recognition of the possibilities of greater service to the membership along 
the lines established ten-to fifteen years ago by DeGolyer, Fohs, Ambrose 
and Lovejoy, to mention a few leaders. It is expected that the new 
officer will spend a substantial part of his time in the field, visiting the 
student sections, the respective Divisions, helping in the arrangement of 
papers and Section meetings and intensifying interest in the Institute. 

The Petroleum Division will hold three meetings this year. The Fall 
Meetings will be held on Oct. 6 and 7 in San Antonio and on Oct. 20 and 
21 in Los Angeles. The programs for these meetings will deal chiefly 
with engineering research and production engineering problems. Papers 
on production statistics and general economics of the industry are 
reserved for the Annual Meeting in New York. The annual production 
symposium and statistics are accepted as standard for the industry. 

With continuously deeper penetration into the earth in search for and 
exploitation of petroleum, it is necessary to have a better understanding 
of reservoir conditions and to place more phases of the operation under 
engineering control. Among the subjects relating to reservoir conditions 
tha thave been proposed for the fall meeting programs are phase equilibria 
at high pressures, interfacial tension between oil and water, the flow 
of oil and water through sands, the chemistry of films and underground 
temperatures. Investigations relating to control of operations include 
methods of continuously logging while drilling both visually and elec- 
trically, methods of studying drilling samples, properties of drilling 
fluids, improved cementing practices for isolating thin sands under 
high-temperature conditions and gas conservation, particularly produc- 
tion from high-pressure reservoirs. 

Additional suggestions of general themes or individual subjects will 
be welcomed, since it is desirable to build a backlog of material for 
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THE ANTHONY F. LUCAS GOLD MEDAL 


In 1936 the Institute established the Anthony F. Lucas Gold Medal, 
which will be awarded from time to time ‘‘for distinguished achievement 
in improving the technique and practice of finding and producing petro- 
leum.”’ These awards will be sponsored by the Petroleum Division. 

Captain Lucas was a pioneer in the oil industry, one of the early 
wildeatters and a leading mining and petroleum engineer. He was 
famous as the discoverer of Spindletop. He became a member of the 
Institute in 1895 and in 1913 was the first Chairman of the Petroleum 
and Gas Committee of the Institute, the forerunner of the present 
Petroleum Division. He also headed the Committee in 1914, 1917 
and 1918. 


Mepats AWARDED 
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Members ex-officio 
D. C. Barton Joun W. FIncH 


AXTELL J. BYLES D. C. JACKLING 
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Henry L. Donmrry 


Anthony F. Lucas Medalist, 1938 Award 


Chapter I. Production Engineering 


Spacing of Oil Wells 
By Lynpon L. Fotry,* Memper A.I.M.E. 


(Oklahoma City Meeting, October, 1937) 


THE proper spacing of oil wells is a problem of vital importance to the 
oil industry. Conservation demands a maximum recovery, while eco- 
nomic considerations attach primary importance to profitable extraction 
of oil. Formulas have been evolved,!~‘ which attempt to solve the spac- 
ing problem mathematically, using reservoir characteristics as factors. 
Comparisons have been made of fields producing from supposedly similar 
sands, which have been drilled to varying densities,*:* and also of differ- 
ent leases in the same field.’ Intermediate wells have been drilled in 
old, depleted fields to test the efficiency of drainage by the original 
operation.*—!! Intermediate wells have been drilled also to obtain cores 
of the depleted sand for analysis, from which to learn the degree of effi- 
ciency of extraction. The problem is being attacked by many students, 
and along several different lines. 

Unfortunately, the fields now depleted were produced generally 
without restriction, and conclusions drawn from them may not apply 
to fields operated under restricted production. Reservoir conditions 
in a restricted field, especially reservoir pressures and pressure gradients 
within the reservoir, are quite different from those in a field produced to 
capacity. 

Many people have held the idea that the closer the spacing, the 
greater the recovery. This general statement is not always true, as other 
factors than well spacing enter into the recovery problem. Cutler,° 
who has been quoted frequently by advocates of close spacing, limited 
his conclusions to gas-drive fields, and to the particular fields and spac- 
ings that he investigated. Hill and Sutton’ analyzed four tracts in the 
Powell field; the tract most closely drilled. had the third largest recovery 
per acre-foot, and the tract with the widest spacing had the second largest 
recovery per acre-foot. A search of the references to well spacing in the 
publications of the U. S. Bureau of Mines®:!—!® discloses repeated con- 
demnations of the wastefulness of the practice of town-lot drilling. 


Manuscript received at the office of the Institute Sept. 15, 1937; revised March 
19, 1938. 
* Consulting Petroleum Engineer, Tulsa, Oklahoma. 
1 References are at the end of the paper. 
; 15 


16 SPACING OF OIL WELLS 


This same general statement is certainly not true of all fields under 
proration, as was shown by Suman! and by Cattell and Fowler.'* It 
may be especially untrue in prorated fields in which minimum allowances 
are applied. The total of the minimum allowances of the wells may 
exceed the most efficient rate of production for the field. 


RESERVOIR ENERGY IN RELATION TO RECOVERY OF OIL 


Recovery of oil is dependent upon energy in the underground reservoir, 
either natural or induced. = 
The oil in a natural reservoir may be classified as follows: 


A. Oil that adheres to the reservoir rock 
B. Oil capable of moving, or recoverable oil 
1. Recoverable oil left in reservoir 
2. Oil that is recovered 
a. By natural drive 
b. By artificial drive 


It is known that 100 per cent recovery is never achieved. A certain 
amount of oil remains in the reservoir rock and is not recovered even by 
the most efficient water drives. All oil that is capable of moving out of a 
given unit of reservoir rock is recoverable oil. The oil that is moved into 
the well bore is the oil that is actually recovered, and may be only a 
fractional part of the recoverable oil. Our experience with secondary 
recovery methods has shown that much recoverable oil was left in the 
reservoirs by early production methods. Oil is moved into the well 
bore by reservoir energy; when the reservoir energy is exhausted, oil 
ceases to move. The addition of artificial reservoir energy by means of 
gas or water drives has increased recoveries greatly in many fields. The 
general success of secondary recovery methods shows that the apparent 
depletion of oil pools has been caused more commonly by exhaustion of 
the reservoir energy than by removal of all of the recoverable oil. It 
appears that the problem of maximum natural recovery of oil is largely a 
problem of maximum efficiency in the utilization of reservoir energy. 
This consideration suggests that the well-spacing problem and the prob- 
lem of reservoir energy are closely related Knowlton?® said: “The use 
of reservoir energy is in effect a substitute for the drilling of wells and the 
more it is conserved the fewer wells are necessary.”’ 


Sources oF Reservoir ENERGY 
There are three sources of reservoir energy: (1) water, (2) gas, (3) 
gravitation. 
1. The most important source of energy is the pressure of water adj a- 
cent to the oil in the porous rocks. 
2. Gas under pressure is a very important source of energy in many 
fields. It may exist as free gas in a gas cap or as gas dissolved in the oil. 
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The free gas supplies energy proportional to its amount and to its pressure, 
the latter usually determined by the pressure of adjacent water. Dis- 
solved gas may come out of solution on reduction of reservoir pressure, 
forming gas bubbles throughout the porous reservoir and furnishing a 
source of energy for moving recoverable oil. Some of the gas released 
from solution may go into the gas cap. 

3. In reservoirs lacking pressure from water or gas, gravitation may 
cause pressure gradients in the oil itself and may cause a slow seepage of 
oil into wells or mine workings. Gravitation might be considered the 
primary source of reservoir energy, since it causes the pressure in fluids 
in artesian basins. 

The pressure found in oil reservoirs usually approximates the normal 
pressure of an artesian basin of the same depth. Lenticular or shoestring 
sands and other isolated porous zones may contain fluids under abnor- 
mally low pressures, which are common. Pressures conspicuously 
higher than the normal artesian pressure for the given depth appear to 
be rare except on the Gulf Coast. Weaver has suggested?! that such 
condition may be caused by seepage of high-pressure gas from 
deeper horizons. 

The first two sources of energy mentioned are of greatest importance 
in oil production. They may be recognized and their relative effects 
may be evaluated rather accurately by the use of reservoir-pressure data, 
particularly the rate of pressure decline per unit of oil produced at 
different rates of flow, and the behavior of the reservoir pressure when 
the field is shut in or severely restricted. 

A field under water drive will have normal reservoir pressure when it 
is first tapped, but the pressure tends to decline when the fluids are set 
in motion. The depleted pressure of a reservoir under water drive may 
be built up if the field is shut in or severely restricted, and it is by this 
characteristic that the activity of water drive may be indicated. This 
is illustrated in Fig. 1, which shows the reservoir-pressure history of the 
East Texas field. The increases in pressure at A, B and C were caused 
when the field was shut in by Government orders. The increases at D 
and E were caused when the field outlet was restricted. By producing 
any water-drive field at different rates of flow, a rate of volumetric with- 
drawal may be established at which the reservoir pressure remains 
approximately static, and so the effectiveness of the water drive may be 
evaluated in terms of units of water encroachment per day. Water drive 
balances production in the following fields at the approximate rates given: 
Yates field, Texas, 45,000 bbl. per day;22 Hobbs field, New Mexico, 
33,000 bbl. per day;?* East ‘Texas field, Texas, 400,000 bbl. per day.** 

Fields under gas drive tend to have the same rate of pressure decline 
per unit of oil produced for all rates of flow if the gas-oil ratio remains 
constant. The rate of pressure decline per unit of oil produced will 
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respond quickly to variations in the gas-oil ratio. Ina field under gas 
drive only, the depleted pressure will remain static when the field is shut 
in. Discussions of the mechanics of pure gas drive have been given by 
Herold?* and by Coleman, Wilde and Moore.” 

A great many fields are subject to water drive and at the same time 
have a free gas cap. Such fields may show characteristics of both drives. 
At rates of withdrawal lower than the rate of water drive, the field will 
show the characteristics of a water-drive field. The characteristics of 
gas drive will predominate at higher rates of withdrawal, and may mask 


w 
a 
2 
” 
7) 
w 
a 
a 


RESERVOIR 


Fic. 1—RESERVOIR-PRESSURE HISTORY OF THE East TEXAS FIELD. 
A, B, C, pressure increases caused by shutting in field. 
D, E, pressure increases caused by restriction of field outlet. 
F, G, pressure at which artificial lift is usually necessary. 
H, pressure at which gas begins to come out of solution. 
Data after W. S. Morris: General Conditions in the East Texas Field. Ozl Weekly 
(1937) 85, No. 12, 38. 


the effect of water drive. This is illustrated by the Yates field, which 
shows the characteristics of a gas-drive field at rates of production more 
than 45,000 bbl. per day, and water-drive characteristics when producing 
less than 45,000 bbl. per day. It must be remembered that the volumetric 
withdrawal is the critical figure, and that any material change in gas-oil 
ratios or in water production will affect the critical rate of oz! production 
for a given water drive. 

It is often stated that certain fields have no water drive. Attention 
is called to the critical production rates of the previously mentioned fields 
as expressed in terms of barrels per acre per day. These critical rates 
at which water drive balances production are, approximately: Yates field, 
Texas, 2.25 bbl. per acre per day; East Texas field, Texas, 3 bbl. per acre 
per day; Hobbs field, New Mexico, 5 bbl. per acre per day. Water drive 
should not be considered lacking until the reservoir-pressure performance 
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has been studied with the field shut in, or restricted to rates of production 
as low as 1 or 2 bbl. per acre per day. 


UTILIZATION OF RESERVOIR ENERGY 

Energy of water drive may be utilized efficiently by producing the oil 
at rates not exceeding, or exceeding only slightly, the rate of effective 
water drive. Enough wells should be drilled to permit this withdrawal 
without creation of local low-pressure areas. The volume of water pro- 
duced with the oil should be restricted as much as possible, as the water 
produced contributes to the pressure decline. Water produced with the 
oil may be returned to the producing sand in edge wells or in dry holes. 
This is a conservation measure, as it helps to maintain the reservoir 
energy that moves the oil. 

The efficient utilization of water-drive energy, and the advantages 
thereof, are well illustrated in the East Texas field. During May and 
June 1933, the field was produced at rates as high as 1,000,000 bbl. per 
day and the reservoir-pressure decline was about 5 lb. per sq. in. per day. 
The production of the field was then reduced gradually to about 450,000 
bbl. per day and the reservoir pressure increased for several months as 
shown at D in Fig. 1. Had the high rate of pressure decline continued 
until August 1933, the average pressure of the field would have been down 
to 1000 lb. per sq. in., the pressure at which artificial lift usually becomes 
necessary, and the total production to that time would have been about 
460,000,000 bbl. The average pressure of the field, if present operating 
conditions continue, will decline to 1000 Ib. per sq. in. about the end of 
the year 1941, by which time the field will have produced approximately 
1,800,000,000 bbl. of oil. The high rate of production prevailing in 
May and June 1933 would, in a few months, have reduced the average 
reservoir pressure to 740 Ib. gauge, the pressure at which gas begins to 
come out of solution and leave dead oil in the sand. 

The energy of reservoirs under gas drive may be conserved by main- 
taining the lowest possible gas-oil ratios. The most efficient rate of 
production for such fields is the rate at which the lowest gas-oil ratio may 
be maintained, and which in turn depends on the gas-oil ratios of indi- 
vidual wells and on the number of wells in the field. 

In fields in which both water drive and gas drive are present, both 
forms of energy should be conserved. The field outlet should be kept 
near the effective rate of the water drive. Water production should be 
restricted, since it increases the volumetric withdrawal per unit of oil. 
Low gas-oil ratios should be maintained in order to conserve the gas 
pressure and to minimize the volumetric withdrawal per unit of oil. 


Water Drive versus Gas Drive 


Theoretically, one well properly placed in a reservoir under water 
drive should recover all of the recoverable oil if given enough time. 
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The time required for one well to drain the reservoir might be impracti- 
cally long and, as in the East Texas field, for example, it might be impos- 
sible to produce daily from one well the amount of oil the reservoir is 
capable of producing. It may be necessary to drill a number of wells to 
utilize the water drive fully each day. By producing the field at a rate 
equal to the effective water drive, the initial reservoir efficiency may be 
maintained throughout the life of the field. Recoveries of oil in water- 
drive fields may be as high as 50 per cent or more. 

The mathematical theory of gas drive indicates that an infinite 
number of wells, all starting to produce simultaneously, would be needed 
to recover all of the recoverable oil.2*-?8 It is impossible to drill an 
infinite number of wells, and spacing in a gas-drive field must be wide 
enough to allow each well to yield sufficient oil to return a profit to the 
operator. This theory is based on unrestricted production. Many 
engineers believe that modern gas-conservation methods, applied to 
restricted fields, will permit the recovery of the recoverable oil with fewer 
wells. It must be remembered that, as the pressure in a gas-drive 
reservoir declines, gas comes out of solution from the oil remaining in 
the reservoir, gas-oil ratios increase, and the efficiency of the reservoir 
performance decreases through the life of the field. It has not yet been 
shown that gas drive with wider spacing and gas-oil ratio control will give 
as complete recovery as water drive with the same spacing. Recoveries 
actually attained in fields operated under gas drive appear to have been 
of the order of 20 to 25 per cent, although many engineers believe that 
these recoveries will be increased by modern production methods. 

Water drive requires fewer wells than gas drive to attain a given 
recovery. Water drive probably will give a greater ultimate recovery 
than gas drive for any well spacing that is economically practicable. 

Many fields are subject to combination drives, and a pure water drive 
may be changed to combination drive by excessive rates of withdrawal, 
which would reduce the reservoir pressure and bring gas out of solution. 
It is optional with the operators of such fields to produce them by gas 
drive or by water drive. The oil may be produced at a rate considerably 
in excess of the effective water drive. This results in rapid pressure 
decline, short flowing life, gas being released from solution and dead oil 
left in the sand. On the other hand, the field may be produced at a rate 
equal to the effective water drive with little or no reservoir-pressure 
decline and have a long flowing life, the gas being retained in solution so 
that the water drive will be working against live oil, with a greater ulti- 
mate recovery. Operating combination fields under water drive will 
give a more stable current supply of oil. 

It must be emphasized again that water drive should not be considered 
lacking until the field has been tested at rates of flow as low as 1 or 2 bbl. 
per acre per day. It must be admitted that wells 6000 ft. deep, on 
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10-acre spacing, cannot be operated profitably at 2 or 3 bbl. per acre per 
day. Wells on 40-acre spacing or wider could be operated on such daily 
per acre allowances, ultimate recoveries would be higher than with 
closer spacings under gas drive, and a large part of the oil would be 
produced by natural flow. If water drive is absent, or effective only at 
impractically low rates, the field can be drilled to a greater density for 
gas drive. 

To summarize: Reservoir energy may be utilized efficiently by operat- 
ing oil fields in such a way as to maintain minimum gas-oil ratios, to 
produce a minimum amount of water, to maintain a slow pressure decline 
and to avoid the formation of low-pressure areas. The field should be 
operated as a water-drive field if water drive is present. 


SUGGESTED SOLUTION OF THE SPACING PROBLEM 


The following procedure is suggested to solve the spacing problem in a 
new field. After discovery, the field might be outlined by exploratory 
wells on a rather wide spacing pattern. The field could then be studied 
at varying rates of production to determine the nature of the reservoir 
energy and the effectiveness of the water drive. The rate of production 
that utilizes reservoir energy most efficiently could be determined. 
During this time, considerable data on the performance of individual 
wells would accumulate. Development could then be planned to drill 
such a number of wells that each well might operate at its own most 
efficient rate, and the total of the production of all of the wells in the field 
‘equal the rate at which the field itself would utilize its reservoir energy 
most efficiently. This procedure would yield the maximum natural 
recovery with the minimum development cost consistent with efficiency. 

The spacing problem may be solved for a water-drive field by dividing 
the rate of effective water drive by the efficient production rate of the 
average well. The quotient is the number of wells that should be drilled. 
This solution may be applied to the East Texas field, as an example. 
Suppose that the average well in this field can produce 100 bbl. per day 
without local physical waste. The field is now producing about 450,000 
bbl. per day with a reasonably low rate of pressure decline. Then 
4500 wells, each producing 100 bbl. per day, could produce the field’s 
allowable production. This would correspond to a spacing of about one 
well to 30 acres. 

The problem may be solved for gas-drive fields by dividing the current 
market demand for oil from that field by the rate at which the average 
well has the lowest gas-oil ratio. This gives the number of wells required 
to produce the market demand efficiently. The probable reserves of 
the field should be divided by the ultimate recovery per well necessary 
for profitable operation. This gives the maximum number of wells that 
may be operated profitably. The smaller of the two quotients is the 
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number of wells that should be drilled. If the first quotient is larger, 
part of the market demand should be surrendered to other fields, as 
supplying that demand would call for excessive drilling, or excessive 
production from a smaller number of wells. 

If a field is found to have both water drive and gas drive it should be 
developed and produced as a water-drive field, in order to achieve the 
greatest natural recovery of oil. 

The procedure suggested above could be applied easily in fields under 
one ownership, or in fields that can be unitized. In many fields, there 
are tracts that are smaller than a normal drilling location. It might be 
possible to unitize small tracts into drilling sites without necessarily 
unitizing the field. If efforts to unitize fail, and if small tracts are drilled 
with close spacing, a proper acreage factor in proration will prevent 
unequal drainage and will relieve surrounding operators of the necessity 
of close drilling to protect their royalty owners. It then becomes optional 
with the operators to choose close spacing with small per well allowable 
production, or wider spacing with larger per well allowable production. 

Lewis?’ has shown that safety is in the direction of wider spacing. Too 
wide spacing can be cured by additional drilling or by repressuring. The 
money lost through unnecessary drilling cannot be recovered. 

There are reservoirs containing small, disconnected zones with rela- 
tively large accumulations of petroleum. There are fields in which the 
production comes from fractures; fields of very erratic porosity and fields 
badly faulted are examples of this class. The principles applied to more 
uniform pools may not apply to fields of this kind, and it may be necessary 
to drill more closely as a sporting proposition in order to be sure that all 
of the rich zones are tapped. The answer to this problem is to learn to 
drill more cheaply. 


CONCLUSION 


It appears that the ultimate recovery of many fields has been deter- 
mined by the degree of efficiency of utilization of reservoir energy, there- 
fore such utilization should be considered of primary importance, and the 
well-spacing pattern should be designed to give the most efficient use of 
the energy in the reservoir. 

Each field should be tested carefully for water drive, and it should be 
utilized if present. Water drive permits wide spacing with low develop- 
ment costs, long flowing life, low lifting costs, and the maximum natural 
ultimate recovery. 

The proper solution of the well-spacing problem for-water-drive fields 
is to divide the efficient rate of production for the field by the efficient 
rate of the average individual well. The quotient is the number of wells 
that should be drilled. 
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The solution for a gas-drive field is found by (1) dividing the current 
market demand for oil from the field by the efficient production rate of 
the average well and (2) dividing the estimated reserves of the field by the 
ultimate per well recovery necessary for profit. The smaller quotient of 
the two procedures is the number of wells to be drilled. 

A field under combination drive will probably give the greatest natural 
recovery if it is operated as a water-drive field. 
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Gas Caps, Their Determination and Significance 


By P. P. Grecory,* Memper A.I.M.E. 
(Oklahoma City Meeting, October, 1937) 


NaTuRAL petroleum gas occurring in the oil-bearing reservoirs is found 
to exist either as free gas associated with the oil and/or in solution in the 
oil. In some virgin fields practically no free gas is encountered under the 
reservoir conditions of pressure and temperature, although in other fields 
a considerable section of the “‘pay”’ horizon is occupied by free gas. In 
other words, a given oil field may or may not have a gas cap before the 
exploitation takes place. However, when the reservoir pressure is 
reduced to a point below the critical saturation pressure by withdrawals of 
fluids from the producing formation, the gas dissolved in the oil inevitably 
begins to come out of solution and becomes free gas. Under the con- 
trolled methods of production and drilling, a portion of this gas is pro- 
duced with the oil to the surface and a portion of it remains within the 
reservoir to accumulate at higher structural levels toward which it 
migrates by virtue of its low specific gravity. The rate of growth of a 
gas cap in a given structure depends primarily upon the rate of decline in 
the reservoir pressure. If the rate of pressure decline is rapid, the gas cap 
likewise will grow rapidly. On the other hand, shrinkage in the gas-cap 
area was noted in some fields in which reservoir pressures were increasing. 


DETERMINATION OF Gas-or ConTacT AND THICKNESS OF Gas CaP 


The gas-oil contact can be conveniently located in the process of 
drilling a well and by electrical logging. However, very little can be 
found in the petroleum literature concerning methods of predetermining 
gas-oil contacts in producing reservoirs. Therefore, the writer feels 
justified in describing briefly a simple, workable, and inexpensive method 
of determining gas-oil contacts and outlining the limits of gas-cap areas 
in a field where such knowledge may be essential for efficient production 
and development operations. 

The method involves the determination of the following data: (1) 
Structural data, such as the depth or elevation of the top of ‘‘pay” 
horizon; (2) reservoir pressures; (3) tubing and casing pressures at the 
well head; (4) static oil-pressure gradient; (5) static gas-pressure gradient. 
These data can be secured with a minimum of expense, inasmuch as the 
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structural data are obtained at the time of the drilling of the well, and the 
determination of reservoir pressures has become one of the routine duties 
of a petroleum engineer in most of the major fields. The static oil- 
pressure gradient may be determined with a recording subsurface-pressure 
gauge at two or more depths in the well in ozl, by dividing the observed 
pressure differential by the difference in depth. The static gas-pressure 
gradient can be determined from the pressure-volume relations of a 
representative sample of the casinghead gas by observing the specific 
volume of the gas, in cubic feet per pound, at different well-head pressures. 

To illustrate the method, three sample calculations were prepared on 
wells in an oil field having a mid-point of the pay section at an elevation 
of 1300 ft. below sea level—the elevation that will be used here as a 
reference datum. The producing reservoir has a structural closure of 
some 300 ft. and has large accumulations of free gas in structural highs. 
The average static oil-pressure gradient is 0.3625 lb. per sq. in. per foot 
of depth, and a typical sample of the casinghead gas has the following 
pressure-volume relations: 


WELL-HEAD PRESSURE, Speciric VOLUME (aT RESERVOIR 
Lz. per Sa. InN. GauGE TEMPERATURE), Cu. Fr. per Lp. 

1,000 0.2695 

1,100 0.2424 

1,200 0.2199 

1,300 0.2009 

1,400 0.1849 

1,500 0.1709 


A graph showing the pressure exerted by a static column of gas, pounds 
per square inch per foot of depth, can be constructed by using reciprocals 
of the specific volume divided by 144 at corresponding well-head pressures. 


Example 1.—Well A has the following data: 


A Ub In SyOTessure al De POresdls Licence ators einen sae are ee 500 
Casing pressure, Jb: Persad aie. elas an sici haters nae ae ee 1300 
Pressure at —1300-ft. datum, lb. per sq. in.................. 1492 
Depth: tov— 1300=ttsdatum Wi ieeneence ee ae ie ee 3642 
Hlevationiol top oh pay jattsuncss sees te to ots eR eka —1150 


Elevation of the gas-oil contact then can be determined from the follow- 
ing formula: 


Py = P,+G(D — x) + Git 


where P» is the datum pressure, 
P., casing pressure, 
Gi, static oil-pressure gradient, 
G, static gas-pressure gradient, 
D, depth to datum, 
x, distance between datum and contact. 
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Substituting known values in this equation: 


1492 = 1300 + 0.0346(8642 — x) + 0.36252 
x = 201 ft. above the datum, or, 


I 


Elevation of gas-oil contact is minus 1099 ft. 
Elevation of top of pay is minus 1150 ft. 
Therefore there is no free gas in the pay zone. 


Example 2.—Well B has the following data: 


Tubing pressure, Ib. per sq. in........... eee ee eee eee eens 620 
Casing pressure, lb. per Sq. iNn.......-- 6. eee eee eee eee 1350 
Pressure at —1300-ft. datum, lb. per sq. in.............-.--- 1492 
Depth to —1300-ft. datum, ft.......... 6... eee eee e eee 3630 
Elevation of top of pay, ft...........--.-5 eee et eee ee se —1140 


Pp =P,+G(D — 2) + Giz 
Substituting known values in the equation and solving for 2, 


1492 = 1350 + 0.036(3630 — x) + 0.36252 
xz = 35 ft. above the datum, or, 


I 


Elevation of gas-oil contact is minus 1265 ft. 
Elevation of top of pay is minus 1140 ft. 
Thickness of gas cap is 125 ft. 


Example 3.—Well C has the following data: 


Tubing pressure, lb. persq. iM......-.2---sr reer r eet: 575 
Casing pressure, Ib. per sq. iM.......-+- ++ 2er sere tess ttt 1365 
Pressure at —1300-ft. datum, lb. per sq. m........------+--- 1492 
Depth to —1300-ft. datum, ft....... fA ge error ane eres 3680 
Elevation-of top of pay, ft... ves... ss ee ee etree —1180 


Pp =P. +G(D + 2) — Gir 
1492 = 1365 + 0.0365(3680 + x) — 0.3625x 
xz = 22 ft. below the datum, or, 
Elevation of gas-oil contact is minus 1322 its 
Elevation of top of pay is minus 1180 ft. 
Thickness of gas cap is 142 ft. 


- The accuracy of this method depends primarily upon the precision of 
reservoir-pressure measurements. Pressure determinations made with a 
good subsurface-pressure gauge should give reliable results. It is impor- 
tant that pressure measurements shall be made on the wells after the 
reservoir has attained the condition of static equilibrium. This condition 
is generally attained after a shut-in period of 24 hr. if the permeability of 
the producing formation is not too low. Longer shut-in periods may be 
necessary for areas of low permeability. In numerous instances, gas-oil 
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contact determinations made by this method in one of the fields have 
actually duplicated the. contact data obtained in the drilling of wells. 


DETERMINATION OF EXTENT oF Gas-cAP AREAS 


The gas-oil contact data, when obtained on all of the wells in the field, 
permit preparation of a map showing the limits of gas-cap areas and the 
thickness of concentration of free gas within those areas (Fig. 1). In 
preparing such a map, the data showing the elevation of contact and 
thickness of the gas cap are plotted opposite the particular wells located 
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Fia. 1.—Conrours INDICATE THICKNESS OF GAS CAP. ConrTouR INTERVAL 25 FEET, 
SUBSEA ELEVATIONS INDICATE GAS-OIL CONTACT, ; 


on the property map. Contour lines then are drawn through the points 
of equal gas thickness, using contour intervals of 10 or 25 ft., depending 
upon the vertical thickness of gas accumulations. The outer contour of 
the enclosed area on Fig. 1 represents the boundary of free gas accumula- 
tion beyond which no free gas was found to occur in the reservoir. Con- 
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tours within the enclosed area represent the thickness of the gas cap, each 
contour denoting a thickness of 25 ft. Thus, the area enclosed between 
the outer boundary and the first contour has a thickness of the gas cap 
varying from zero to 25 ft.; the area enclosed between the first and second 
contours has a thickness of the gas cap up to 50 ft., ete. A map of this 
type provides an excellent visual display of the gas-cap situation as of a 
particular date. Gas-cap maps prepared on a given field at intervals 
of six months or one year readily disclose the changes that have taken 
place within the gas cap during that particular time interval. 


APPLICATION OF DATA 


The knowledge of the position of gas-oil contact and thickness of gas 
accumulation in the reservoir can be of great help in the solution of 
various problems encountered in the development and production opera- 
tions. For example, in the drilling of a well in the gas-cap area, it is 
always desirable to carry the oil string through the formation occupied 
by the gas and to exclude the upper free gas. Predetermination of the 
casing point, therefore, is very important. The downward movement of 
the gas-oil contact often brings about the condition of insufficient sub- 
mergence in the well as a result of which the production of oil is obtained 
with high gas-oil ratios. If the contact data are available, efforts then 
can be directed intelligently to correct the situation. The gas-cap data 
are also essential for the work of evaluation of gas and oil reserves in the 
oil fields. 


DISCUSSION 
(M. L. Haider presiding) 


D. L. Karz,* Ann Arbor, Mich.—Mr. Gregory has given us a method of computing 
the location of the oil-gas contact in a reservoir. I believe that the major assumption 
tacitly used by Mr. Gregory in his equation equating gas and oil heads to obtain the 
gas-oil contact should be scrutinized. The following assumptions were made: (1) 
the tubing and annular space between the tubing and casing contain uniform liquid; 
(2) the liquid level between the casing and tubing is at the reservoir gas-liquid con- 
tact level. 

I will admit that the first assumption is quite possible but I believe that the second 
assumption will hold only in rare cases. The assumption of a sharp liquid-gas contact 
in the annular space without foam within 24 hr. after shutting in the well is itself not 
too probable. Also, there is no reason that the gas-liquid contact in the annulus 
should be at the reservoir gas-liquid contact, especially in a well that might have a 
casinghead gas leak. In several pools, I have seen differences of several hundreds 
of pounds in casinghead pressures among wells of relatively uniform reservoir pres- 
sure. As the elevation changes from bottom to top of the pay were less than 200 
or 300 ft., all differences over 100 lb. in casinghead pressure when placed in the pro- 
posed forrnula would have indicated that the oil-gas contact varied outside the reservoir 
itself. Thus it appears to me that it is an exceptional case if the liquid level in the 
annulus of a well is at the reservoir gas-liquid contact. 


* Agsistant Professor, Chemical Engineering, University of Michigan. 
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P. P. Grecory.—The assumption that the tubing and annular space contain uni- 
form liquid is quite reasonable. As a rule, the oil string in a well is set at or above the 
top of pay while the tubing is set in the pay. The maintenance of tubing submergence 
prevents formation of foam at the gas-oil contact. If permeability of the producing 
formation is sufficient, the 24-hr. shut-in period is generally ample to permit pressure 
equalization and separation of oil and gas phases. 

Dr. Katz mentioned his experience in observing differences of several hundreds of 
pounds in casinghead pressures among wells of relatively uniform reservoir pressure. 
This difference in casinghead pressures may be due to presence of free gas in some wells 
and absence of free gas in other wells. It may be due in some cases to casinghead gas 
leaks. Casinghead leaks, of course, should be stopped in order to avoid erroneous 
interpretation of position of the gas-oil contact in that particular well. 


M. L. Harper,* Tulsa, Okla.—How closely will a second or third determination 
of the gas cap in a particular well check with the first determination if the well is 
produced between determinations? 


P. P. Grecory.—Second or third determinations usually will duplicate or approxi- 
mate within a very few feet the first determination, under uniform testing conditions. 
Gas-oil contact determinations made in a certain field at intervals of six months have 
given remarkably consistent results during the past two years. 


H. E. Gross,f Norman, Okla. (written discussion).—In late 1935, during the 
development of the Stone pool sector of the Burrton-Haven field of Reno County, 
Kansas, an effort was made to conserve the gas cap by cementing the oil string through 
it. It was found that the gas-oil contact was not a level plane, but depressed down- 
ward toward the heart of the structure. In other words, the gas-oil contact had a 
lower subsea depth at the center of the gas cap than near the edges. Best conservation 
practices in this area required cementing the oil string through the gas cap. If there 
was a question as to the gas-oil contact, it was found by taking drill-stem tests before 
the casing was run. 


* Petroleum Engineer, Carter Oil Co. 
{ Assistant Professor of Petroleum Engineering, University of Oklahoma. 


Excessive Pressures and Pressure Variations with Depth of 
Petroleum Reservoirs in the Gulf Coast Region 
of Texas and Louisiana 


By G. E. Cannon* anp R. C. CrazE* 


(New York Meeting, February, 1938) 


Tuts paper discusses the results of a study of reservoir pressures in 
the Gulf Coast area of Texas and Louisiana, showing the general relation 
of the reservoir pressure to its subsea depth, as well as excessive reservoir 
pressures that have been encountered. The latter are particularly 
important in mud-control work, and the data show why it is necessary 
to use muds having a relatively high density in many of the deeper wells 
drilled in this area. Only a comparatively few of the wells drilled in the 
Gulf Coast that have encountered excessive pressures are discussed, but 
as far as is known those omitted fall within the range of pressure observed 
by the writers. 

MEASUREMENT OF PRESSURES 


The following methods were used to determine the values of the 
original pressures: 

1. Estimation of original pressure from subsequent pressure behavior 
of fields. This method is not precise, and was used only in a few of the 
older fields in which better methods of obtaining original pressures were 
not available. Only normal pressures were determined by this method. 

2. Measurement of shut-in pressures soon after completion of the 
first producing well. With one exception, all pressures measured by this 
method were normal, this well having a pressure slightly higher 
than normal. 

3. Measurements of pressure in connection with drill-stem tests. 

4. Estimates from the maximum hydrostatic head of mud that failed 
to prevent flow from the high-pressure formations into the hole. This 
method is not exact, tending generally to indicate low pressures. 


NorMAL PRESSURES 


All pressure measurements available are plotted in Fig. 1, with original 
pressure at the water-oil contact as abscissa and subsea depth as ordinate. 
All producing fields fall close to the solid line, which passes through the 
origin and has a slope of 0.465 Ib. per sq. in. per ft. By way of compari- 

Manuscript received at the office of the Institute Feb. 10, 1988. 


* Research Engineer, Humble Oil & Refining Co., Houston, Texas. 
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son, a dashed line is shown, which corresponds to the hydrostatic pressure 
gradient of salt water containing 8 per cent total solids. (Correction was 
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depth at which such pressure condition was observed. 


made for the variation in density of salt water with pressure and tem- 
perature.) It was found that this correlation was:much better than the 
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Fic. 2.—MInIMUM MUD WEIGHT NECESSARY TO CONTROL MAXIMUM EXCESSIVE PRES- 
SURES ON THE GULF Coast. 


7,800 
8,200 
= 
38 8,600 
S 
8 | 
8 9,000 
Ww 
£ ; 
a Ws 
© 9400 LW. Nordyke \ 
5o.Crowley \ | 


ales 
10,400 00 4000 5000 6000 7000 8000 
Pressure, lb. per sq.in. gauge 


Fic. 3.—EXCESSIVE PRESSURES OBSERVED IN TYPICAL WELLS ON THE GULF Coast. 
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correlation of pressure with difference in elevation between the water-oil 
contact and the outcrop of the producing formation. The pressures 
observed are slightly higher than would be expected from the hydrostatic 
head of salt water usually occurring in this area. No explanation for this 


is offered. 
It should not be inferred that a mud with sufficient density to control 


a pressure of 0.465 Ib. per sq. in. per foot depth (9 lb. per gal.) can be used 
safely for drilling in the normal Gulf Coast field. This is the pressure 
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Fig. 4.—HIGH-PRESSURE 


at the water-oil contact, and because of the difference in density between 
water and oil or gas, substantially high-pressure gradients to the top of 
the gas or oil sand are encountered. It is believed that this condition, 
and not excessive pressures, was responsible for the high mud density 
necessary to drill the early wells in several Gulf Coast fields. 

Usually, a mud density of at least 9.8 lb. per gal. (51.5 lb. per sq. in. 
per 100 ft.) is necessary for ordinary drilling in new areas, at depths not 
greater than minus 7000 ft. This allows a reasonable factor of safety 
to take care of not only the higher pressures expected in the upper part 
of gas sands but also of a reasonable reduction in pressure that occurs 
when the drill pipe is withdrawn. 


EXCESSIVE PRESSURES 


As indicated on Fig. 1, many wildcat wells encountered pressures 
substantially higher than normal. The pressures estimated from mud 
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density, which may not be entirely reliable, are indicated. In most cases 
of excessive pressures, either there was no water-oil contact or it was not 
known; hence, the depths shown are depths to the sand in which the 
pressure was observed. With one exception (Thomson 2, Medio Creek 
district, Bee County), all of these were drilled to depths greater than 
minus 7000 ft. Pressures as much as 64 per cent higher than the normal 
value have been observed. 

Fig. 2 shows a curve of the mud weight necessary to counterbalance 
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any pressure (except Thomson 2) yet observed. This curve is not to be 
construed as a recommendation to carry such high mud weight in all 
wells, but is intended only to serve as a guide to the weight that may be 
necessary if excessive pressures are encountered. Furthermore, there 
is no assurance that mud density higher than that called for by the curve 
may not be required sometimes, although this is not probable. 

In Fig. 3 are plotted the pressures encountered at various depths in 
several typical wells. The erratic nature of these curves indicates that 
excessive pressures cannot be predicted from one sand to another, and 
thus makes it necessary to drill with caution in wells that are likely to 
penetrate sands of excessive pressure. 

The wells encountering excessive pressures as shown by Fig. 1 are 
widely distributed in the Gulf Coast area, in a strip extending from Bee 
County, Texas, to Terrebonne Parish, Louisiana, a distance of approxi- 
mately 500 miles, and from the coast line to as much as 50 miles inland 
(Fig. 4). Such pressures are not confined to a few horizons, having been 
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observed in the Miocene, Middle Oligocene, Frio, Vicksburg and Upper 
Saline Bayou. 

It appears that there is no geographical or geological correlation 
of excessive pressures in the Gulf Coast; depth alone seems to govern 
their occurrence. 


THEORIES OF EXCESSIVE PRESSURE 


Several theories have been advanced to explain the occurrence of 
excessive pressure. It appears probable that the sands containing fluid 
must be of limited extent and in poor communication with sands that are 
continuous to an outcrop. In some wells—for example, Thomas 1 at 
Roanoke and the wells in the graben at Dickinson—there is evidence to 
indicate that the sand lenses are rather small, or that the sand is of very 
low permeability. In these places, wells blew out but the flow of water 
or gas quickly subsided. However, at the Bel crater about 7,000,000 bbl. 
of water has been produced without any appreciable reduction in the 
rate of flow. This indicates that in this area at least the sand lens con- 
taining fluids under excessive pressure has an area of several square miles. 

One theory contemplates the isolation of these sand lenses under 
normal pressure at a depth much greater than that at which they now 
exist, and that either by earth movement or erosion they have been 
brought substantially closer to the surface while still retaining the original 
pressure on the fluids within the sand. This has been suggested by 
W.E. V. Abraham.! The magnitude of the pressures and the history of 
the Gulf Coast indicate that this is not a probable explanation for exces- 
sive pressures in this area, although it may well explain such pressures in 
other areas. 

Another probable explanation is that the sand in these isolated lenses 
has suffered a decrease in porosity, thus causing an increase in the pres- 
sure of the fluids in the pores of the sand. This is plausible but it does not 
explain satisfactorily the absence of excessive pressures at shallow depths. 

The theory that seems to explain the facts most satisfactorily is that 
at great depths the earth strata are unable to support completely the 
weight of the overburden, and undergo sufficient compaction, with a 
corresponding increase in pressure on the fluid in the sands, to permit the 
fluid pressure and the stress in the earth structure to balance the weight 
of the overburden. It is interesting to speculate upon the possibility 
of the upper strata acting as an arch partly supported from beneath 
almost entirely by fluid pressure, so that any variation in pressure would 
cause the center of the arch to move up or down. Observations made 


1 Jnl. Inst. Petr. Tech. (1937) 23, No. 164, 383. 


DISCUSSION 37 


while pumping mud or dirty water into certain sands indicate the possi- 
bility of such an occurrence. 

One other theory has been advanced to explain excessive pressures— 
that open fissures exist within the earth, filled with gas and connecting 
with gas reservoirs at great depth, thus permitting the gas under normal 
pressure at great depth to exert its pressure upon the fluids in sands at 
shallower depth. In view of the fact that the fissure connecting the 
upper sands to the lower gas reservoir would probably soon become filled 
with water, this theory does not seem to be sound. 


CoNCLUSIONS 


From the data available, the following conclusions have been drawn: 

1. Pressures in most fields of the Gulf Coast are substantially equal 
to 0.465 lb. per sq. in. per foot depth. 

2. Below minus 7000 ft., pressures in excess of this value are fre- 
quently encountered. 

3. The highest pressure-depth ratio so far encountered was 64 per 
cent higher than the normal value, and required a mud density of 15 lb. 
per gal. for its control. 

4. The occurrence of excessive pressures cannot be correlated with 
geographical location or geological formation. 

5. The variation in pressure with depth in any well encountering 
excessive pressures is usually erratic. 

6. One explanation for the excessive pressures is that below some 
depth the earth strata cannot support the weight of the overburden, and 
are undergoing compaction. 


DISCUSSION 
(G. B. Corless presiding) 


G. B. Coruess,* Houston, Texas.—This problem is one we are confronted with 
on the Gulf Coast with increasing frequency. The cost of weighted drilling fluids 
and the fact that no important oil accumulations have been found in these abnormal 
pressure zones makes such drilling very discouraging. 


B. B. Cox, t New York, N. Y.—Are there molecular changes that take place in the 
reservoir that might explain the absence of oil below these zones of abnormal pressures? 

L. W. Buav,{ Houston, Texas.—I do not believe the depths are great enough to 
cause molecular changes. 


M. G. Cuenzy,§$ Coleman, Texas.—Excessive pressures are not restricted to deep 
reservoirs. A 2200-ft. well in North Texas showeel pressures about one-third greater 


* Superintendent, Gulf Coast Division, Humble Oil and Refining Co. 


+ Socony-Vacuum Oil Co., Inc. 
t Director of Geophysical Research, Humble Oil and Refining Co. 


§ Petroleum Geologist. 
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than normal. Presumably this was the effect of actual rock pressure rather than of 
hydrostatic pressure alone. Extremely low permeability of beds surrounding this 
sand lens might account for this condition. 


K. A. Covett,* Tulsa, Okla.—Is the temperature gradient parallel with the pres- 
sure gradient? 


L. W. Buau.—There have not been abnormal temperature gradients. The tem- 
peratures measured were below normal because of the conditions of the drilling mud. 


* Assistant Division Manager, Pure Oil Co. 
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Pressure Drilling Operations at Kettleman Hills, and 
Effect on Initial Production Rates* 


By Reap WINTERBURN{ 


(Los Angeles Meeting, October, 1937) 


Tuts discussion covers only one method of pressure drilling—that 
developed in the Kettleman Hills field. Thus it is probable that many 
departures from the procedure herein described would be advisable, and 
perhaps necessary, in using this method of drilling wells in other localities. 


PuRPOSE OF PRESSURE DRILLING 


By the early part of 1936, formation pressures in the heavily produced 
north end of the Kettleman North Dome field had declined to range from 
1000 to 1500 lb. per sq. in. This low pressure, combined with the depth 
of the wells (8000 to 9000 ft.) permitted water to be filtered out of the 
mud into the producing sands during drilling operations. The loss of 
water was indicated by loss of fluid from the suction tank while drilling, 
accompanied by an increase in mud weight. It was found that when 
water was added to the mud stream at such a rate as to keep the fluid 
level in the suction tank constant, the mud weight would not vary. This 
indicates that water only was forced into the sands. The rate of this 
loss at various wells ranged from 2 to 5 bbl. per hour. At some places 
complete loss of circulation occurred, and drilling mud to the extent of 
200 to 1000 bbl. had to be pumped into the sands before returns were 
regained. It was believed that these conditions had already begun to 
harmfully affect production, and that such effect would become more 
pronounced as formation pressures continued to decline. Pressure 
drilling with oil was introduced because it eliminated the danger of loading 
the formations with mud and water. The method also afforded a con- 
venient means of testing as drilling progressed, lessening the amount of 
- formation testing, which had become necessary because of encroach- 

_ ing edge water. 


* The writer wishes to acknowledge the cooperation of O. W. Chonette, of the 
Kettleman North Dome Association, with whom he worked jointly in the original 
compilation and study of the data relative to pressure drilling. Manuscript received 
at the office of the Institute Oct. 13, 1937; revised Feb. 21, 1938. 

+ Petroleum Engineer, Union Pacific Railroad Co., Los Angeles, California. 
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OPERATION 


After the first nine wells had been drilled under pressure, a standard 
procedure was adopted. 

The hole is drilled to the top of the zone to be produced, where 65¢-in. 
casing is set. Pressure-drilling equipment is rigged up while the well is 
standing cemented. After the cement has been drilled out and approval 
of the water shutoff obtained, the mud is circulated out of the hole with 
water, which is then replaced by oil of approximately 30° A.P.I., care 
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Fic. 1.—PIpING DIAGRAM FOR PRESSURE DRILLING. 


being taken to eliminate nearly all water from the oil before drilling 
ahead. The drilling bits are 55<-inch. 

Oil is circulated down through the drill pipe, which is packed off above 
the return flow pipe during drilling, and gas is injected at the desired 
rate into the standpipe. A portable compressor is used to maintain 
pressure necessary for injection. Back pressure is maintained by manip- 
ulation of a stopcock on the return flow pipe from the casinghead. The 
gas-injection rate is regulated by means of a valve in the compressor 
intake line. A check valve prevents oil from being forced into the gas- 
injection line by a sudden increase in pump pressure. 

Returns from the flow pipe are run directly to a gas trap operating 
under 20 Ib. pressure. Gas from the trap is metered, and the oil is 
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returned to the suction tank after passing over a vibrating mud screen. 
The gas trap is blown down periodically to remove accumulated cuttings. 

The following data are kept in hourly record form as drilling pro- 
gresses: depth, input gas rate, output gas rate, pump pressure, back 
pressure, gauge on suction tank, pump strokes per minute and length of 
stroke, compressor suction and discharge pressures, cut and gravity of 
drilling fluid. All additions to and withdrawals of fluid from the circulat- 
ing system are recorded. 

Before a connection is made, the gas is shut off and the fluid circulated 
until most of the gas is eliminated, and cold oil is pumped into the drill 
pipe to prevent back flow. Before a round trip is made, the same pro- 
cedure is followed, except that sufficient cold oil is pumped into the well 
to prevent possibility of flow from the casing or from the drill pipe, thus 
avoiding the possible necessity of pulling drill pipe under pressure. 

In the drilling of later wells, standard equipment has been a hydraulic 
rotary table with packer in conjunction with flush-joint 3-in. drill pipe 
and around kelly. Some wells have used a rotating packer with square 
kelly and conventional rotary table and drill pipe; some, a stationary 
packer with octagonal kelly and conventional rotary table and drill 
pipe. A spring-type check valve is placed in the drill pipe at a point just 
above the casing shoe, to prevent the well from flowing through the drill 
pipe when the kelly is removed. 

It was intended to allow the wells to flow while drilling, but in the 
first three wells drilled formation pressures were comparatively low, oil 
used as circulating fluid was rather heavy, and a maximum of 1200 lb. 
pressure was available for injection, since compressors were not used, 
therefore it was not possible to induce flow, and the procedure described 
above was developed. 


TESTING 


When a depth is reached at which it is desired to test, the drill pipe 
is hung just above the casing shoe or near the bottom of the hole. The 
eas rate is gradually increased and the pump simultaneously slowed down 
until completely stopped, and the well thus brought in, flowing through 
the casing on gas lift. If the well has sufficient pressure, the gas is shut 
off eventually and the test is completed under conditions of natural 
flow. After the well has produced long enough to remove all drilling 
fluid from the hole, rate of flow is determined by meter readings and 
gauges in the suction tank. Test periods vary from 8 to 24 hr. The 
amount of water is determined by bleeding the suction tanks each time 
they are filled. Two suction tanks permit continuous gauging, the oil 
being pumped to the reserve tank from one suction tank while the other 
is being filled. All output and input gas is metered. ‘Tests for cut and 
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gravity are run frequently on flow-line and gauge-tank samples. Samples 
of any water produced are saved for analysis. 

Although it is desirable to hang the drill pipe near the bottom of the 
hole while testing, in order to prevent bridging, the bit is generally hung 
just above the casing shoe when there is considerable open hole, because 
of the danger of sticking the drill pipe. 

When it is impossible to lighten the fluid column sufficiently to start 
the well flowing with the bit at the casing shoe, the drill pipe is pulled up 
to a depth at which the fluid can be gas-lifted from the hole, and is then 
lowered in stages and the fluid lifted from the hole at each stage until the 
hydrostatic head has been sufficiently reduced to permit the entrance of 
fluid from the formation. The test is then conducted as described above. 


Factors AFFECTING CONDITION oF HOLE 


As might be expected, considerable difficulty has been encountered 
in keeping the hole open in some of the wells having 300 to 400 ft. of open 
hole. The factors that probably influence the condition of the hole are: 
(1) amount of hole drilled; (2) formation of cake on walls of hole by mix- 
ture of circulating fluid and cuttings; (8) formation; (4) gas rate; (5) oil 
rate; (6) cut and gravity of circulating oil. 

In wells in which only approximately 100 ft. of hole was drilled, no 
trouble of any kind was experienced. No difficulties were encountered 
in any of the wells drilled until more than 100 ft. of hole had been made. 
This suggests that bridging may have been due, at least in part, to failure 
to completely remove cuttings from the hole, and that overloading of the 
fluid with cuttings did not occur until more than 100 ft. of hole had been 
made. ‘This belief was strengthened when, after pulling a plugged bit in 
one well, the drill collar was found to be filled with what apparently were 
very fine cuttings. At another well where several cores were taken, it 
was found that unless each joint of drill pipe was circulated down in the 
lower part of the hole, the inner barrel would become plugged with an oily 
sludge of fine cuttings. 

Some cores were coated on their outer surfaces with a material resem- 
bling a mud filter cake, which apparently consisted of a mixture of oil and 
fine silt particles. It is possible that similar material deposited on the 
walls of the hole may be a factor in the prevention of caving and bridging. 

Bridging generally has been found to occur after the making of flow 
tests. Naturally, the entrance of fluid from the formation would remove 
any cake that might be present on the face of the sands, and might also 
be expected to carry some sand into the hole. 

It is believed that gas injection aids in carrying cuttings to the surface 
through increased velocity of flow and possibly also through the buoyant 
effect of gas bubbles that adhere to the cuttings. However, in the data 
available there is some evidence that too high a rate of gas injection may 
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have a harmful effect on the condition of the hole, probably because of the 
surging and heading of the fluid that generally occurs with increased 
gas rates. 

Too low a rate of pumping fluid would naturally result in incomplete 
removal of cuttings from the hole. Of course the pumping rate and the 
gas-injection rate are closely related, and it is their combined effect that 
carries cuttings out of the hole. 

The water content of the oil used in drilling has been found to have 
a direct effect on the condition of the hole. Sump oil was generally used 
as circulating fluid in most of the first eight wells drilled. At one well 
having 437 ft. of open hole, trouble was experienced in keeping the hole 
open. The oil in the hole was found to contain 30 per cent water in 
emulsified form. Prior to this, checks on the water content had not been 
made at all wells. It is thus possible that excessive water in the circulat- 
ing fluid was the cause of trouble at other wells. 

Underreaming before running of the liner greatly increased bridging 
in one well. All later wells were completed without underreaming. 

It is significant that only one of the last six wells drilled has had 
difficulty with the condition of the hole, and in this well the trouble was 
directly attributed to the contamination of the drilling fluid with water 
from a leaky connection to the hydraulic packer. 

The elimination of hole trouble coincided with the adoption of the 
standard procedure of using clean oil as circulating fluid, maintaining the 
rate of pumping oil at from 3 to 4 bbl. per minute, the rate of injecting 
gas at approximately 200 M cu. ft. per day, and holding 40 to 60 lb. per 
sq. in. back pressure on the casinghead. It is thought that the most 
important single factor is the use of clean oil as circulating fluid. 

It is probable that many of the wells could have been flowed while 
drilling. In the producing formations, however, individual oil sands are 
sometimes separated by 70 or 80 ft. of barren sediments. It was feared 
that in drilling through these barren intervals without circulation through 
the bit, the drill pipe might be stuck, since there would be no movement of 
fluid below the lowest oil sand penetrated. For this reason periodic 
testing was relied upon to furnish information as to productivity and 
presence of water. 


Sertinc LINERS 


Perforated liners with 434-in. flush joints were landed in all wells. 
The first well in which a liner was run had only 90 ft. of open hole, and the 
liner went to bottom without difficulty. The next well had 347 ft. of 
open hole, and in the first two attempts to run the liner the 434-in. stopped 
on bridges. A diamond point bit was attached to the bottom of the 
liner and 2-in. washpipe and pack-off assembly placed inside the liner, so 
that fluid could be circulated through the bit, and with this arrangement 
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the liner was successfully run to bottom. This became standard practice 
on all wells, although in some the liners went to bottom without circulat- 
ing or rotating. 


COMPLETION OF WELL 


After the liner is landed, the tubing is hung at the desired depth, the 
pump started, and gas injected. The pump is slowed down as the gas 
rate is increased. Finally, the pump is completely stopped and the 
well is brought in on gas lift through the casing. If the well pressure 
is sufficiently high, the gas is finally shut off and the well allowed to 
flow naturally. 


SUMMARY OF OPERATIONS 


Pressure drilling with the use of oil and injected gas as circulating 
fluid has been used at 14 wells. Of these, 12 were placed on production; 
pressure drilling was abandoned at one well after a caving shale bed had 
been drilled through, and one well was deepened and completed with mud 
after the zone drilled with oil had been tested and found to be wet. 

In the 14 wells, 4088 ft. of hole was drilled, of which 3963 ft. was 
55¢-in. and the remaining 125 ft. was 8144 in. In drilling the 55¢-in. hole, 
an average of 63 ft. was drilled with each bit, at an average rate of 5.63 ft. 
per hour. In one well in which more than 500 ft. of 55<-in. hole was 
drilled with mud, the corresponding averages were 31 ft. per bit and 
4.2 ft. per hour. Only 53 ft. of hole has been cored with oil. Average 
rate while coring was 3.3 ft. per hour. The maximum amount of hole 
drilled in any well was 463 ft., and the minimum 90 feet. 

No unusual difficulties were encountered in nine of the wells drilled. 
The remaining five wells experienced serious trouble with bridging and 
caving of the hole, which was the cause of considerable lost time. At one 
of these five wells, a string of drill pipe was stuck, and 23 days were 
consumed in fishing and sidetracking. 

A consideration of this summary leads to the conclusion that it is 
possible to drill and complete wells at Kettleman Hills by this method of 
pressure drilling, with no more trouble than is to be expected when drilling 
with mud. 


COMPARISON OF PRODUCTION RATES 


Evaluation of comparative production data is difficult because the 
mechanical conditions, method of producing, gas-oil ratio, bottom-hole 
pressure, amount of producing formation and character of the producing 
formations vary from well to well. 

In the comparison of initial production rates of wells drilled with ,oil 
with those of wells drilled with mud, wells were chosen in the same area, 
at the same structural position, and with all other conditions as nearly 
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the same as possible. Table 1 shows the comparative initial production 
rates of wells drilled with oil and wells drilled with mud, together with all 
pertinent data as to conditions under which the wells were produced, 
bottom-hole pressures, amount of open hole, ete. Except in one instance 
the well drilled with mud was completed before the well with which it is 
compared. Nine wells drilled with oil and seven wells drilled with mud 
are used. The average production rates, shut-in bottom-hole pressures, 
gas-oil ratios, productivity factors, and amounts of hole open to produc- 
tion of the two groups of wells are as follows: 


Wells Drilled| Wells Drilled 
with Oil with Mud 
Production rate; bblaperdayees ne sete ete ee ieee 1965 1279 
Shut-in pressures at mid-point of perforations, lb. per sq. in.) 1222 1222 
Productivity: factole a-createe cc cet ae ee eee ee 6.90 5.10 
Gas=oiljratio, ouxft.persbbl 5 canescens eee eee 2466 2734 
Hole open to production, ft............ Si eee Bo So 320 280 


Of the nine wells drilled with oil, five were produced on the gas lift, 
while only two of the wells drilled with mud were so produced. However, 
comparison of average rates of flowing wells shows a greater advantage 
for wells drilled with oil than does comparison of the average rates of the 
two groups as a whole: 


Flowing Gas-lift 
Wells, Bbl. | Wells, Bbl. 
per Day per Day 
Average production, wells drilled with oil.................. 2067 1883 
Average production, wells drilled with mud................ 1159 1600 


Three wells drilled with oil have been omitted from the comparisons; 

two because no near-by wells in the same zone were drilled with mud 
within the two years prior to their completion. In the third well, only 
the lower portion of the zone produced was drilled with oil. Average 
production of these three wells was 1715 bbl. per day, and their inclusion 
in the computation of average initial production would have reduced the 
rate from 1965 to 1902 bbl. per day for wells drilled with oil. 
It seems reasonable to consider that the higher value of the produc- 
tivity factor for wells drilled with oil is a result of the method used in 
drilling, because it is generally conceded that the presence of water and 
mud in the sand increases resistance to the flow of gas and oil. 

The average amount of open hole is 14.3 per cent greater for the wells 
drilled with oil than for the wells drilled with mud. However, since the 
advantage in production rates is 53.6 per cent, it cannot be accounted 
for by the difference in average amount of open hole. 
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Further study of production data as the wells continue to produce 
will be necessary to determine whether wells drilled under pressure with 
oil will yield greater ultimate production than those drilled with mud. 

It is reasonable to expect that the advantage of drilling under pressure 
with oil and injected gas will become more pronounced as formation 
pressures continue to decline. 


DISCUSSION 
(W. H. Geis presiding) 
Memsrr.—What sort of results did you have with coring? 


R. WINTERBURN.—Approximately 53 ft. of hole was cored; we had probably 25 
to 30 per cent recovery. 


MemsBer.—Did you have any difficulty in losing oil and gas in the formation during 
drilling and, if so, how did you overcome it? 


R. WinTEeRBURN.—We had no evidence of the formation taking fluid. There 
was some loss from the system but most of this probably occurred while making 
round trips. 


Memper.—I assume that your petroleum production figures are obtained a few 
days after the well is completed? 


R. WInTERBURN.—Yes, one or two days after the well was completed. The 
productivity figure was secured, in most cases, shortly after the well was completed. 
The productivity factor as determined does not take into account the volume of gas 
produced and is therefore somewhat misleading for high-ratio wells. 


Memser.—Did you have trouble in landing your liner with the modern knowledge 
of oil drilling? 


R. WintersurNn.—AIl the liners were landed successfully although sometimes it 
was necessary to circulate and rotate through bridges. 


Desalting Crude Oils 


By Gustav Eauorr,* Memper A.I.M.E., Epwin F. Netson,* C. D. Maxutov* anp 
Cuaries Wirts III* 


(Oklahoma City Meeting, October, 1937) 


Tux treatment of emulsified crude oils has been a problem for years in 
the petroleum industry. Until comparatively recently various methods 
of settling with and without chemicals have been used with indifferent 
success. Since wells have been acidized, emulsified crudes have been 
produced, which add considerably to the need for improved methods of 
treatment. The presence of large quantities of salts in the oils from acid- 
ized wells has presented several new problems to the industry. The use 
of hydrochloric acid in well treatments has caused the formation of 
sodium, magnesium, and calcium chlorides by interaction with the 
dolomitic limestones. These salts dissolve readily in the water normally 
present in the oil, and they are therefore incorporated in the emulsified 
oil. The crystalline salts have also been found in the oil, prevented from 
settling by protective films such as asphalt, resins and petrolatum. In 
some instances, free hydrochloric acid has been found. The salts may be 
present in crude oil in amounts ranging from a few pounds to over 1000 lb. 
per 1000 bbl. of oil. 

The transportation of these crude oils through pipe lines has led to 
erosive and corrosive effects, which are a tremendous cost to the petroleum 
industry. During 1937, more than 1,200,000,000 bbl. of crude oil was 
transported through pipe lines. Of this quantity approximately 10,000,- 
000 bbl. was water, and considerably more than 50,000,000 lb. was salts. 
If the crude oils were treated at the producing wells to remove the salts 
and water, an appreciable saving would be possible. The treatment 
would not be difficult, since it has been found that these oils are more 
easily treated at the time they are produced than after the aging and more 
stable emulsification that occur before they reach the refinery. Since 
great costs are involved in the use of these salty crudes at the refinery, 
treated oils essentially free of salts would naturally command a premium. 

The real added costs lie in refining salt-containing crude oils. Severe 
corrosion of refinery equipment in both topping and cracking installations 
has appeared in many refineries. Chemicals such as ammonia, lime and 
Ticieviie ne received at the office of the Institute Oct. 7, 19387; revised Jan. 11, 
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caustic have been used to advantage but at great expense. The corrosion 
is most evident in preheat exchangers, crude still tubes, cracking coils, 
fractionating towers and condenser equipment. In addition, deposition 
of the salts throughout various sections of the equipment has caused a 
loss of efficiency and frequent shut-down periods. The loss of on-stream 
time has in some instances been particularly acute. The quality of the 
products from salty crude oils has been affected, especially in residual 
fuel oil and asphalt. 

A number of explanations have been given for the high corrosiveness 
of these salty crudes. The calcium and magnesium chlorides are known 
to hydrolyze readily to form hydrochloric acid and the acid formed in this 
manner together with that present in the crude is believed to cause the 
excessive corrosion. In addition, some chlorinated hydrocarbons may be 
formed during acidizing, which under topping or cracking conditions 
decompose to yield corrosive products. Corrosion in high-temperature 
regions has been usually attributed to sulphur and its compounds, while 
hydrochloric acid and its salts were held responsible for corrosion in the 
condensing sections. However, all of the available evidence indicates 
that corrosion in high-temperature zones is considerably aggravated by 
the presence of hydrochloric acid or salts that may produce it by hydrol- 
ysis or decomposition. This idea is well illustrated by the data of 
R. E. Puckett! in which he rules out sulphur or its compounds as the sole 
cause. He assigns the major responsibility for the high corrosion to free 
acid and its salts, based essentially on analyses of the corrosion products. 
He suggests the possibility of an oxidation-reduction cell due to the 
presence of salts as accelerating the corrosion. The action of the acid 
upon iron sulphide with liberation of hydrogen sulphide to cause further 
damage may be an important factor. 

We have theorized somewhat regarding the accelerated corrosion 
encountered in cracking-still tubes. The hydrated salts of calcium and 
magnesium chlorides probably melt in their own water of crystallization 
and hydrolyze, generating hydrochloric acid. This acid will be very 
corrosive at the high temperatures encountered since the water exists in 
the liquid phase because of its low vapor pressure and the comparatively 
high existing pressure on the system. If this hydrolysis went to comple- 
tion, we might expect to find considerable percentages of calcium and 
magnesium sulphides as well as iron chloride present in the coke from the 
tubes. Some analyses have shown this to be true. 

Some evidence has been obtained which indicates that the presence of 
chlorides or hydrochloric acid appreciably affects the formation of 
hydrogen sulphide. In a commercial cracking installation a Michigan 
topped crude was charged to the furnace tubes containing approximately 


1 References are at the end of the paper. 
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150 lb. of salt per 1000 bbl. The gas produced from this charge contained 
1100 to 1200 grains of hydrogen sulphide per 100 cu. ft., and severe corro- 
sion throughout the unit was evident. With the installation of a settler 
for the removal of salt, the salt content of the charge was reduced to 
40 to 60 lb. per 1000 bbl. The hydrogen sulphide content of the gas was 
reduced to approximately 400 grains per 100 cu. ft. It is possible that 
the salts or the acid may have a catalytic effect upon the decomposition 
of the sulphur compounds. No direct evidence of this action has as yet 
been obtained. 

In order to emphasize the importance of the problem, salt analyses of 
typical crude and topped crude oils from various and numerous sources 
are shown. In Table 1, the salt contents of crude oils reach a figure as 
high as 780 lb. per 1000 bbl. The oils are representative of almost every 
section of the country. Similar data are presented for topped crude oils. 
The relative amounts of calcium and magnesium chlorides compared to 
sodium chloride are interesting. 

Crude oils and topped crude oils used as cracking stock from various 
oil fields were analyzed for their salt content, the data of which are shown 
in Table 1. 

Many processes have been proposed to dehydrate and desalt crude oils 
and a few have gone into commercial use. The properties of emulsified 
and salty crudes vary widely as to their amenability to treatment. No 
one method is most economic for all crudes. In some cases a combination 
of methods is used. A few of the commercial processes will be discussed 
here, such as: (1) heat and pressure, (2) chemical, (3) electrical, (4) 
centrifugal, (5) filtration. 


Satr Removau aT High TEMPERATURE, PRESSURE AND ADDITION 
or WATER 


Laboratory Study.—A laboratory study of the effect of temperature, 
pressure, percentage of water added, emulsification and conditions of 
mixing of water and oil, depth of settling, and time of settling was made 
on a Mid-Continent topped crude. Twenty-six runs were carried out, 
covering the temperature range from 150° to 400° F., pressure from 
50 to 300 lb. per sq. in., agitation time from 14 to 4 hr., settling time from 
15 min. to 24 hr., and water added from 2 to 20.5 per cent by volume. 
One run was also made in which the gravity of water was increased by the 
addition of a small amount of salt in order to emphasize the gravity 
separation. In every run all the conditions were kept constant except 
the one whose effect was being studied. 

Agitation.—It has been found that a definite degree of agitation should 
be obtained in order to bring about an intimate contact between water and 
salt particles. When and if agitation is carried too far, there may be 
danger of dispersing water in extremely fine globules throughout the body 
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Tasie 1.—Summary of Inorganic Analyses on Crudes 
and Cracking Stocks 


Pounds per 1000 Bbl. 
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TaBLE 1.—(Continued) 
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Pounds per 1000 Bbli. 
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of oil and it may result in stabilization of the emulsion formed. As a 
consequence, a very poor separation of oil-free water will be obtained on 
settling, with the formation of an emulsion layer varying in thickness, | 
percentage of water and salt, depending on the conditions. This layer 
lies between the desalted oil and the oil-free water. Furthermore, the 
desalted oil will have a much higher water content than if agitation were 
not carried so far. 

Settling —The amount of salt water withdrawn from the bottom draw- 
off increases with the increase of settling time, and the concentration of 
salt in it at first increases, then decreases. When the oil-free water was 
withdrawn at various time intervals, the concentration of salt in it 
reached the highest value after 30 min. of settling. Then it declined 
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Fig. 1.—PERCENTAGE OF SALT REMOVED WITH OIL-FREE WATER AND AMOUNT OF WATER 
WITHDRAWN FROM BOTTOM. 


slowly and finally attained a constant value. This fact indicates that the 
water globules, carrying higher salt contents, coalesced in a relatively 
short time, followed by the globules of lower salt concentrations. The 
amount of water withdrawn from the bottom per interval of settling time 
reached its highest value after 2 hr. of settling at the conditions of 400° F. 
and 300 Ib. pressure. At conditions of 200° F. and 50 Ib. pressure, such 
poor separation of oil-free water was obtained that the effects described 
above could not be determined. 

The percentage of total salt in the oil-free water and the amount of 
oil-free water per time interval are plotted on Fig. 1 for 400° F. and 
300 lb. pressure. The percentages of water and salt in the desalted oil 
decreases with the increase in settling time. At low temperatures the 
percentage of water seems to decrease more rapidly than the percentage of 
salt. ‘This indicates that the salt was not completely dissolved in water 
because of low temperature, which did not affect the asphaltic or paraf- 
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finic films surrounding the salt crystals. At higher temperature this 
effect is reversed—that is, the percentage of salt decreases more rapidly 
than the percentage of water on account of the absence of films surround- 
ing the salt crystals. In such cases the salt-concentration curve falls 
rapidly, with a tendency to become asymptotic to the horizontal axis at 
a certain value determined by the nature of the emulsion. Little evidence 
of stratification was found in the body of settled oil, the water and salt 


Temperature, deg. F. 


© 3 Percent water approx. 
A /0Per cent water approx. 
0/8 Per cent water approx. 


Nga VR 80 100 
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Fig. 2.—PERCENTAGE OF SALT IN DESALTED OIL AT DIFFERENT TEMPERATURES. 


being rather evenly distributed with a tendency toward slightly higher 
salt concentrations in the upper layers. 


EFFECTS OF TEMPERATURE, PERCENTAGE OF WATER ADDED, 
AND PRESSURE ON SALT REMOVAL 


The effects of temperature and percentage of water added on salt 
removal are very closely interwoven. When either factor is increased the 
salt content of the oil is decreased. Thus, to obtain a desired degree of 
desalting the temperature may be increased and the water decreased, or 
vice versa. From Figs. 2 and 3, it appears that the optimum amount of 
water added is 10 per cent by volume of oil, and the optimum temperature 
is 400° F.. That is, if a definite weight of salt is removed at 400° F. and 
10 per cent water, much higher temperatures must be used with 3 per cent 
of water to obtain the same desalting effect. At temperatures above 
500° F., the critical conditions for water will be approached, while 
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amounts of water higher than 10 per cent added to it will result in the 
formation of a much thicker emulsion layer, which tends to retain brine 
or water globules on its surface. Thus, the percentage of salt in oil-free 
water withdrawn from the bottom increases with an increase in tempera- 
ture, while the percentage of salt in the emulsion layer (based on total 
salt content) and the emulsion — 409 
layer itself decrease with an in- 
crease in temperature. Asarule, 

there is a better and sharper sepa- 359 
ration of water from the emulsion 
layer at higher temperatures, 
especially when between 3 and 10 
per cent of water is used, yet no 
separation is obtained at 200° F. 
with 10 per cent of water. In 
general, the separation is poorest 
at 200° F. and best at 400° F. 
On the other hand, the tempera- 
ture alone cannot control the 
amount of water in the desalted 
oil, as well as the behavior of an 150 
emulsion layer under various con- 
ditions of temperature and per- ia 

centage of water added, without 10; a a a zr 
considering such an important Salt in oil-free water, per cent 
factor as agitation. It is quite Fic. 3.—PERCENTAGE OF SALT IN OIL-FREE 
evident that the emulsion layer WATER AT DIFFERENT TEMPERATURES. 
results from separation of a more stable emulsion in one layer, which 
cannot be broken under the conditions suitable for breaking a less stable 
emulsion (Table 2). 

The pressure has no effect on breaking the emulsions and therefore 
the salt removal, providing it is kept higher than the vaporization pressure 
of water at the temperature. Comparing the two following runs, in 
which the conditions under which the emulsions were treated were 
identical with the exception of pressure (275 lb. and 160 Ib. per sq. in., 
respectively), it was found that the change in pressure affected neither 
demulsification nor the salt removal. 
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To summarize, the desalting is more effective at higher temperatures, 
about 400° F., with enough pressure to keep water in liquid form, about 
300 lb. per sq. in., and approximately 10 per cent of water properly 
emulsified in oil. In these conditions, smaller emulsion layers are 
obtained (3 to 4 per cent of the total charge) with a very sharp separation 
of oil-free water. 


TaBLE 2.—Conditions Leading to Emulsion Layer 


H20 in 


Salt in Salt || HO in 
Tem- | Pressure, | agitation | Settling | Added (by| Oil” ayer pelading — 
Boe EB. Be pe Time, Hr. | Time, Hr. Bye 3 (Based on Celta: poh (Analysis), 
ee oo Cent Per Cent Per Gent Per Cent 
150 275 1.0 125 3.0 1.8 71.6 33.8 26 
150 275 1.0 1.5 10.0 0.8 10.0 90.0 51 
200 275 | 4.0 1.5 3.0 1 54.3 45.6 40.0 
200 275 |-0.75 1.5 10.0 1.5 30.7 74.5 70.0 
200 275 1.0 RD 18.0 1.8 14.6 85.3 60.0 
300 275 4.0 1.5 3.0 0.6 80.7 19.3 2200 
300 275 1.0 SES, 10.0 Lew 29.0 71.0 55.0 
300 275 1.0 L56 18.0 OR 16.4 85.3 82.0 
350 275 2.2 1.5 3.0 a I 80.7 19.3 19.8 
350 160 1.0 3.0 10.0 0.5 7.6 92.4 16.0 
350 275 1.0 1.5 10. Veer 21.8 78.2 57 
400 300 | 0.75 3.0 |Emulsion 1.4 16.3 83.7 1.0 
400 275 | 0.5 1.5 3.0 0.4 78.3 26.5 5.3 
400 300 1.0 3.0 10.0 0.7 S.2 91.8 5.4 
400 275 1.0 1.5 10.0 0.9 5.8 95.0 50.0 
400 300 1.0(+) 3.0 7.3 0.8 11.8 88.2 23.0 
200 50 0.75 24.0 3.0 0.3 A 30.0 
300 175 1.25 1.5 10.0 0.8 .8 
400 275 1.00 ne) 10.0 220 A 30.0 
300 175 1.25 3.0 10.0 0.8 uly 56.0 


CoMMERCIAL APPLICATION 


One of the processes most widely used commercially for desalting crude 
oils is that of heat and pressure. The crude oil, which may have the salt 
dispersed through it in crystal or colloidal form, is treated with water to 
dissolve the salt and produce a synthetic emulsified crude oil, which is 
then subjected to heat and pressure. The percentage of water added and 
the temperature, pressure and time of settling vary widely as a function 

of the properties of the crude oil. 

A unit desalting by heat and pressure,” operating on Michigan crude 
containing 220 Ib. of salt, reduced the salt content to 8 lb. per 1000 bbl. 
The crude oil is thoroughly mixed with from 10 to 12 per cent of water, 
which dissolves the salt and forms an emulsion. The synthetic emulsified 
crude is raised to a temperature of 250° F. under about 60 lb. pressure as 
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it flows through a heat exchanger and a heating coil to a settling tank 
where the water is withdrawn and the crude then fractionated to com- 
mercial products. This operation eliminated corrosion, particularly 
of the condensing equipment on the various side streams from the 
bubble tower. 

Salt is appearing in greatest quantity on the northern, western and 
southern portions of the East Texas field, but is fairly general through the 
field.? It is claimed that if from 3 to 5 per cent of water is added to the 
petroleum to dissolve the salt, the brine settles out best at 220° to 240° F. 
with a pressure of at least 110 lb. on the settling drum. This drum must 
be large enough to allow 50 min. for the settling process in a continuous 
operation. The charge pump serves to mix the water with the oil and 
the mixture is discharged through heat exchanger or small auxiliary 
heating tubes into a diffuser pipe that enters the salt drum horizontally 
near the bottom. Satisfactory conditions of temperature and pressure 
vary with the particular crude oil and with other factors. Some of the 
conditions that have been reported as successful are: 150° F. atmospheric 
pressure, and 80 to 90 min. settling time; 130° F., atmospheric pressure, 
and 16 hr.; 250° F., 185 lb. pressure, and 60 to 90 min. If the oil contains 
more than 150 lb. of salt per 1000 bbl., the temperature and pressure 
applied must be higher. The salt content must be reduced below 5 lb. 
per 100 bbl. of oil. 

By mixing fresh water with the pressure-still charging stock under 
very definite conditions, the Naph-Sol Refining Co.* has been able to 
reduce the salt content of the topped crude from 150 to 20 lb. per 1000 bbl. 
The number of days the cracking unit is on stream has been doubled. 
The desalting unit found application in the Naph-Sol plant especially 
because of the unusually heavy salt content of the crude. All of the 
crude comes from the local producing fields, particularly the Porter, 
Crystal and Midland areas. 

The installation cost less than $2000 and consists essentially of a heat 
exchanger and horizontal separator. In operation, the fresh water enters 
the system at the suction side of the pressure-still charging pump. The 
volume of fresh water taken into the system depends upon the salt content 
of the oil but under normal operating conditions has ranged between 3 
and 4 per cent of the volume of the oil charged. The oil and fresh 
water are mixed within the pump and additional mixing occurs in the 


heat exchanger. 


The heat exchanger is of conventional fin-type design. It has not 
been found necessary to add any special mixing devices to the system to 
improve its operation. The exchanger receives its heat from a stream of 
cracked residuum from the cracking unit. The adequate volume of the 


~ hot residuum available enables the operator to hold an outlet temperature 


of 300° F. on the oil and water mixture leaving the exchanger. 
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From the exchanger, the oil and water enter the horizontal separating 
drum at its lower end, through a line set about 2 ft. off the bottom. 
From this end the drum slopes upward so that the opposite end is about 
2 ft. higher, which provides for an accumulation of the water at the lower 
end; an excessive accumulation would be quickly identified, as the 
trycocks farther up along the base of the separator show water. 

This separator, or settling drum, is 42 ft. long and 5 ft. in diameter. 
It is insulated with 3 in. of rock wool and weatherproofed asbestos 
sheeting. This enables the operator to maintain the temperature of 
300° F. To avoid vaporization of the water, a back pressure of 165 to 
175 lb. is maintained on the drum. 


CHEmiIcaL Mretuop* 


The presence of salts in a crude oil almost invariably means that the 
oil contains emulsified brine or ‘‘B.S.”” However, even in crudes that 
show a B.S. content well below pipe-line limits, the amount of salt carried 
in solution in the emulsified brine may be surprisingly high. For 
example, the brine accompanying some Michigan crudes has a specific 
gravity of 1.21 and a chloride content, calculated as sodium chloride, of 
about 1200 grams per gallon. An oil containing only 0.5 per cent of this 
brine would have a chloride content (as NaCl) of 550 Ib. per 1000 barrels. 

The desalting of pipe-line oil, then, actually depends upon the removal 
of the last few tenths of a per cent of emulsified brine. In general this 
may be done in one of two ways—either by treatment of the crude to 
reduce the emulsion content to nearly zero or by dispersing fresh water in 
the oil to coalesce with and drag out the brine particles. The first 
method, ‘‘superdehydration,”’ is difficult to apply in practice. With any 
process of demulsification the rate of separation of the dispersed phase 
must depend upon the rate of collision of the dispersed particles and upon 
the rate of settling of these particles in the oil. The one per cent or less 
of emulsion contained in refinery stocks almost always consists of 
extremely fine droplets, which (often less than 10-4 cm. in diameter) 
settle very slowly, and since the total concentration of particles is low, the 
probability of collision and coalescence of particles to form larger droplets 
that will settle out is also very small. The amount of salt removed by 
this method is directly proportional to the decrease in “‘cut.”’ 

To get good desalting results with the second method it is necessary 
that the fresh water be dispersed in the oil in fine particles, so that they 
will remain in the oil long enough to coalesce with the droplets of emulsi- 
fied brine. If a coarse dispersion is formed, greatly increased amounts of 
fresh water must be used to give efficient results and this requires a large 
settling space. However, with a fine dispersion, the rate of settling is 


* From Dr. Charles M. Blair, Jr., The Tretolite Co. 
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very slow, and this also demands large settling space. Furthermore, 
_ when the added fresh water is dispersed in small particles, they become, 
with most oils, more or less permanently emulsified because of the adsorp- 
tion at their surfaces of the emulsifying agents commonly occurring in the 
oil. In order to obtain a rapid and efficient desalting operation with a 
minimum amount of fresh water, it is necessary to break the emulsion so 
formed or to prevent its formation. The use of demulsifying chemicals 
added either to the fresh water before dispersion, or to the oil, or possibly 
to both the oil and the water, has proved to be an effective way of meeting 
this problem. 

On first sight, it may appear that the proper demulsifying agent to be 
used in a desalting plant is the demulsifier that was used in the field to 
treat the crude to be desalted down to pipe-line requirements. However, 
this does not appear to be true. The choice of a proper chemical com- 
pound for demulsification depends upon the type of oil, the amount and 
composition of the water phase, the agitation obtainable after addition of 
the chemical reagent, the settling temperature, the settling space, etc. 
All of these factors are generally different in the refinery and in oil-field 
practice. Furthermore, refinery crude stocks often are composite 
samples from a number of fields and one chemical demulsifying agent must 
be found that works well on this composite material. As the demand for 
demulsifying chemicals for desalting processes increases, probably new 
compounds will become available, designed to be especially effective for 
use in connection with these refinery emulsions containing a major 
proportion of dispersed salt-free water, but which may have little effec- 
tiveness on the hard-water oil-field emulsions as produced. 

Of the two methods of adding the chemical demulsifier, it has been 
found by experiment that less chemical usually is required when it is 
added to the water rather than to the oil. When added in this manner, 
the chemical is necessarily near the water-oil interface to which it must 
eventually be adsorbed to prevent undue stabilization of an emulsion. 
When added to the oil, considerable time is required for it to diffuse 
throughout the large volume to the water-oil interface. Some of the 
most effective chemical compounds are not dispersible in water, and 
must necessarily be added to the oil. Also, as mentioned above, it 
may be desirable to add a demulsifier to both the oil and the water in 
some instances. 

In explaining the effectiveness of the chemical method of desalting, it 
does not appear to be necessary to assume that the added fresh water is 
physically mixed with the salt water originally present, although this may 
occur to a small extent. It seems likely that some of the chemical 
demulsifier contained in the added fresh water (or in the oil) diffuses to 
the drops of emulsified salt water and in some manner counteracts the 
emulsifying agent there segregated, thus increasing the probability of 


60 DESALTING CRUDE OILS 


coalescence of these drops with any other drops in which they may come 
in contact. Then too, the added fresh water increases the total con- 
centration of particles and, as a result, greatly enhances the probability of 
collision of particles. These various factors, working together, result in 
the coalescence of many of the original salt-water droplets with fresh- 
water particles. Naturally, this process is repeated over and over until 
the droplets become large enough to settle rapidly and the concentration 
of dispersed phase falls back to low value. Optimum conditions for 
desalting would obtain if, in the dispersion formed, the particles of salt 
water originally present and the particles of added fresh water all hap- 
pened to have the same size and the same probability of coalescence on 
contact with surrounding particles. Under such conditions, the amount 
of salt removed would be directly proportional to the ratio of volume 
concentration of added fresh water to volume concentration of brine 
originally present. This ideal condition cannot be reached in practice 
because of the impossibility of obtaining absolutely homogeneous dis- 
persions and because the droplets of the dispersed brine may be coated 
with a stable, aged emulsifying layer, which prevents as complete 
destabilization of these droplets by the added chemical compound as is 
obtainable with the fresh-water droplets. The latter, from the moment 
of their dispersion in the oil, are prevented by the chemical reagent from 
forming a completely coherent emulsifying layer on their surfaces, con- 
sequently the tendency for fresh-water particles to coalesce with other 
fresh-water particles is somewhat greater than the tendency for fresh- 
water particles to coalesce with brine droplets. Although the conditions 
for optimum desalting cannot be completely reached, they may be 
approached very closely by proper adjustment of plant variables and 
correct choice of chemical demulsifier. 

In localities where the amount of available fresh water is limited, it 
may be desirable to recycle the water effluent from the settling tank, using 
it a second time for dispersion in the untreated pipe-line oil. When this 
is done, the amount of residual salt in the oil desalted with this water 
becomes approximately double that left in the oil treated with the original 
fresh water. If extremely good results are obtained with the fresh water 
the higher salt content obtained by recycling the water may still be within 
the limit desired. By using such a recycling process, larger volumes of 
water may be used in each extraction, thus giving better separation of 
phases without increasing the total amount of fresh water required. 

It is evident that no one set of conditions can be prescribed that will 
fit all chemical desalting plants. The variables to be fixed depend greatly 
on the type of oil, the salt content, the availability of fresh water, the ease 
of disposal of salt water, the degree of salt removal desired, the tempera- 
tures available, etc. However, there are a few conditions that seem to be 
uniformly necessary for obtaining good results—i.e., (1) as fine and uni- 
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form a dispersion of the added water in the oil as is still compatible with 
the requirement of moderately rapid and complete settling out of the 
water; (2) high settling-tank temperature; (3) careful selection of the 
demulsifying chemical. 


ELectricaL MrrHop 


The electrical process for desalting and dehydrating crudes is in wide 
commercial use. In this method water is added in quantities adjusted to 
the requirements of the crude oil and thoroughly mixed to dissolve the 
salt, forming an emulsion. The emulsion is subjected to an alternating 
current of high potential, 16,000 to 33,000 volts. A typical installation,‘ 
at the Lion Oil Refining Company’s plant, is desalting a particularly 
corrosive crude from the Urbana Arkansas field. 


Electrical desalting is accomplished in two steps. An emulsion is made of the 
salt-bearing crude and fresh water; then the mixture is electrically demulsified and 
separated. About 90 per cent of the salt is transferred from the crude oil to the water 
wash. Efficiency of salt removal depends upon the nature of the crude, degree of 
emulsification, and effectiveness of separation of oil and wash water. Emulsification 
is accomplished by one or more of the following methods: turbulent flow of oil and 
water; orifice-plate mixers; centrifugal pumps and back-pressure valves. The oil and 
water are separated by electrical dehydrators like those used for natural crude-oil 
emulsions. 

The dehydrator consists of a 180-bbl., 25-lb. working pressure, 10 by 12-ft. tank; 
220-volt control equipment; two hundred and twenty to sixteen 500-volt transformers 
mounted on top of the tank; and electrodes within the tank. Average throughput 
per day per unit is 1500 bbl.; operating temperatures, 130° to 200° F.; electric power 
load, 2 kw.; amount of wash water, 5 to 20 per cent of the oil. The salt content 
is being reduced from approximately 200 lb. per 1000 bbl. to about 8 lb. per 1000 bbl. 
and dehydration occurs down to 0.7 per cent or less. Before desalting, the average 
length of a run on the crude unit was from three to six days, until a shutdown resulted 
from plugging of furnace tubes, exchangers and towers with solid salt. Corrosion of 
condenser and run-down equipment was severe. By using wash tanks, hot settling 
drums, and other schemes for reducing the salt content, runs were lengthened to 10 or 
12 days. Since installing the electric desalters 60-day and 70-day runs are normal. 
During a typical operation, when the salt content of the crude was being reduced from 
214 to 11.2 Ib. per 1000 bbl., laboratory distillation showed that the release of hydro- 
chloric acid at 650°F. was reduced from 63.85 to 0.54 lb. per 1000 bbl. of crude. The 
result is decreased corrosion of the equipment.* 


In another refinery, the electrical desalting process operating on 
Kentucky crude contains from 0.5 to 1.0 per cent bottom settlings, or 
from 200 to 600 Ib. of sodium, magnesium, and calcium chloride, which 
was reduced to about 20 lb. per 1000 bbl. of charge. The length of 
cracking-unit time on stream was thereby increased 300 per cent. The 
desalting operation improved the quality of asphalt, particularly as to 
solubility in carbon tetrachloride, from 99.5 to 99.95 per cent. 

Similarly, when operating on a 40° gravity Michigan crude oil con- 
taining 120 grams of salt per barrel, which is made up largely of mag- 
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nesium chloride, the corrosive effect on the unit was quite marked, not 
alone upon the distillation unit but upon the cracking unit also. When 
the crude oil was desalted electrically to about two grams per barrel, 
corrosion was reduced enormously and the cracking unit increased its 
on-stream time from 12 days to over 100 days. 

It is reported by St. Hill and Eddy’ that: 


Overall costs of the process have been found to range between 0.75 and 1.1¢ per 
barrel. These figures include a license fee, which varies with the amount of oil 
treated. A depreciation charge on the electrical desalting equipment is not included, 
because ownership of the units thus far installed had been retained by the licensing 
company. Plants now operating in the United States have demonstrated the 
applicability of the process in the successful treatment of a wide variety of oils from 
various Gulf Coast, Mid-Continent and Michigan fields. The specific gravities of 
these oils have ranged from 17.8° A.P.I. to as high as 40.0° A.P.I., and the salt con- 
tents from about 25 grams per barrel to over 200 grams per barrel. These salt 
contents are the equivalents of 55 and 440 lb. per 1000 bbl., respectively. 

The following table (Table 3) presents data obtained in connection with electrical 
desalting plants operating in American refineries. 


TasBLeE 3.—Data Obtained in American Electrical Desalting Plants 


Salt Content, 


On-stream Time, 


i Operatin 
he Sake os ae ity, Grams per Bbl. Tempera- Days Increased 

Units put, Bbl. Gt fe ere ae Se Dex: RF. 

From To 

A 4,500 180 8... 30 

B 2,200 170 57 t-60 
C 6,000 170 

D 2,500 190 12 48 

E 6,000 190 7 24 
F 2,500 140 


CENTRIFUGAL ACTION 


The concentration of salt in Mid-Continent crudes and topped crudes 
show wide variations. This quantity varies in any given oil from sum- 
mer to winter, since at higher temperatures much better separation of the 
salt takes place. The water present as an emulsion is quite small and 
the sediment ranges from 0.2 to 0.3 per cent. The oils in which the salt 
is dispersed may vary from nearly reduced Mid-Continent crudes of 
20° A.P.I. with a viscosity of about 170 sec. Furol at 122° F. to crude oils 
of about 40° A.P.I. with a viscosity of approximately 40 sec. Universal 
at 100° F. As a more specific case, we had the problem of reducing the 
salt content of Mid-Continent topped crude cracking stock of 25° A.P.I. 
gravity with a viscosity of 22 sec. Furol at 122° F. from approximately 
230 Ib. to less than 30 lb. per 1000 barrels. 
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It is known that the salt present in oil may be in an emulsified brine 
or in crystalline form. Chlorine may be present in some organic chloride. 
The generalization can hardly be made concerning the amount of each 
variant present in oil, owing to the difference in nature and chemical 
composition of oils. While handling this problem we were enabled to 
get a more definite picture concerning the physical states of salt present 
in the sample of Mid-Continent topped crude and crude oil and also to 
observe its behavior under varying conditions. The investigations were 
carried out by the A.8.T.M. contrifuge method. 

This method was especially valuable in determining the effectiveness 
of salt removal by centrifuging, the relative percentages of the crystalline 
and dissolved salt as emulsified brine in oil, and the advantage in centri- 
fuging the crude oil instead of the topped crude with or without formation 
of synthetic emulsions prior to centrifuging. 

Three samples of oil were used with gravities and salt content 
as follows: 


A.P.I. Salt, Lb. 
pamiDle Gravity | "1000 BE 
1 Mid-Continent topped crude 25.7 116.0 
2 Mid-Continent topped crude 24.3 150.3 
3 Mid-Continent crude 39.9 63.5 


All three samples with no water added were subjected to 2, 5, 10, 25 
and 60 min. of centrifuging at room temperature, at constant speed of 
1500 r.p.m. After the centrifuging period, the amount of bottom set- 
tlings and water was determined, oil above the B. 8. & W. layer was 
decanted, and analyzed for salts, which were expressed as sodium chloride. 
Additionally, three oils were shaken with 5 per cent of water for 10 min. to 
form emulsions and then subjected to centrifuging for 5, 30 and 60 min., 
followed by the determination of B. 8. & W. and the salt content in the 
decanted oil. Fig. 4 summarizes the obtained results. 

It was noticed that when centrifuging topped crude and crude oil the 
salt content decreased more rapidly during the first 10 min. of centrifuging 
than during the next 50 min. The experiments show that such rapid 
decrease in salt is due to removal of the emulsified brine which separates 
as a lower layer. This is proved by the fact that there is no further 
increase of the B. 8. & W. layer. 

Later, when the water carrying salt is removed, the crystalline salt 
starts to settle out, reducing the salt content of the oil still further. But 
the removal of crystalline salt proceeds at a much slower rate because the 
salt particles are surrounded by hydrocarbons, whose viscosity offers 
- the resistance to the salt crystals as they settle. Thus for the crude oil. 
which had a gravity of 15° A.P.I. higher, the percentage of salt. removal 
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was further ahead than that of the topped crude, which is shown by the 
slope of the respective curves on Fig. 1. 

After 30 min. of centrifuging, the salt concentration is still decreasing 
without the increase in B. S. & W. layer. This indicates that part of the 
crystalline salt can be removed by centrifuging without being dissolved 
in water but at much slower rate. The general shape of the curves and 
the water analyses taken at time intervals suggest the presence of salt 


- Topped crude No.3 


Salt content, lb. per 1000 bbl. 


0 i0 aby band 40 50 60 
Centrifuging time, minutes 


Fie. 4.—SaLT REMOVAL BY CENTRIFUGING. 


in three different forms: (1) brine, emulsified in oil; (2) crystalline salt 
that is affected by centrifuging; (3) crystalline salt that is but slightly 
affected by centrifuging. These forms of crystalline salt probably 
differ from each other in size of crystals or in colloidal form, and in the 
nature of the hydrocarbon film surrounding the crystals. 

For these reasons it is desirable to have as much of the salt as possible 
in the form of an emulsified brine, which is readily removable by centrifug- 
ing, provided the emulsion is not stabilized. Thus when 5 per cent of 
water was emulsified, greater salt reduction resulted for the same cen- 
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trifuging time than in centrifuging the corresponding “dry” samples. 
However, regardless of how much water was added, or how long the 
mixture was agitated, the salt content cannot be completely reduced 
unless the asphaltic or paraffinic film surrounding the salt crystal be 
removed and the crystal be brought into the intimate contact with water. 
Otherwise the time will be greatly increased with the removal of succes- 
sively smaller and smaller crystals at successively slower and slower 
rates. The results of the tests are shown in Tables 4 and 5. 


TasBiLE 4.—Centrifuging with 5 Per Cent Water by Volume 


Centrifuging Time 


5 Min. 30 Min. 60 Min. 
A.S.T.M. A.S.T.M. A.S.T.M. 
Sample ert Water Water Water 
pie NO-! Salt, | in De- | Salt, in De- | Salt, | in De- 
Lb. per} canted | Lb. per| canted | Lb. per| canted 
M Bbl. | Oil, Per| M Bbl.| Oil, Per| M Bbl. | Oil, Per 
ent Cent Cent 
Mid-Continent topped crude.... 1 102.5} 0.3 | 69.3 | 0.3 | 64.4] 0.3 
Mid-Continent topped crude.... Qe 22. Ole Onon eee Salm OO) 48280) 0.0 
Mid-Continent crude........... 5} 18.6) tr. 1 Omles OFO0n le sors 0.0 


TasBieE 5.—Centrifuging without Addition of Water 


Salt Content, Lb. per M Bbl., on 


Origi- Centrifuging for: A.S.T.M. 
nal Water in 
Sam-| B. §. | A.P.I. Decanted 
Sample ple | & W.| Grav-| No Oil after 
No. |in Oil,| ity |Cen- 2 5 10 25 60 | 60 Min. 
Per tri- | Min.| Min. |Min. | Min.| Min.| Centri- 
Cent fug- fuging 
ing 
Mid-Continent topped crude, 
pence reduch ou inealt con- : { 0.3| 25.7 |116.0/114.2/112.3/107.8| 97.8 0.1 
DOLE Sere leems Duinrato harsieucirs, © tecsLe 0.0| 1.5| 3.2! 7.1] 15.7 
Mid-Continent topped crude, 
Pope seancen in. eell.con- ; { 1.0| 24.3 |150.3/142.6/132.0|138.0|116.3] 82.3 
GIN Gree ee teee este ance wines nie eis ee = 0.01 5.2] 12.2| 8.5] 22.8] 45.3 +) 


eae onamontscruden Yer-veuk {o4 39.9 | 63.5] 43.9] 43.9] 26.4] 19.5] 2.5 
reduction in salt content..... ee 0.0! 30.8] 30.8] 58.4| 69.3] 96.0 co 


In view of these facts, it is self-suggestive that the closest contact 
between water and salt crystals may be obtained by: (1) proper and 
sufficient agitation, which should be determined separately for every 
individual case; (2) higher temperatures, which will reduce the viscosity 
of the oil as well as soften or melt down the film surrounding salt crystals. 
As a result of these considerations and the tests made with the coopera- 
tion of the Sharples Specialty Co., it was possible to obtain 99.7 per cent 
desalting of Mid-Continent topped crude by the centrifuging method. 
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A special type of centrifuge, similar to the one used for acid treating, 
can be employed for desalting crudes or topped crudes. For example, 
with such a centrifuge, the original salt content of 160 lb. per 1000 bbl. 
was reduced to 0.5 lb. per 1000 bbl. The centrifuge is equipped with a 
5-hp. motor, runs at a constant speed of 15,000 r.p.m., and demands 
2.3 kw. Prior to centrifuging, oil is mixed with about 10 per cent water, 
although the amount of water may be increased if necessary. The oil- 
water mixture is heated to not higher than 210° F., agitated for a pre- 
determined length of time and charged to the centrifuge. 

Thus an almost complete desalting by centrifuging method can be 
attained. However, such a degree of desalting is not necessary to suit 
the refining units, and it may be economical to sacrifice a certain degree 
of desalting for greater capacity or fewer centrifuges. On the other 
hand, it may be feasible to blend completely desalted oil to a desired 
salt content with salt-containing oil. 


FILTRATION 


Although this method of salt removal has not assumed commercial 
proportions, investigative work in our laboratories has indicated its 
feasibility. Satisfactory mechanical design of the filter equipment is 
at present the primary and perhaps only limitation. It is probable that 
a suitable method will eventually be realized, and this procedure without 
doubt will employ a filter aid. Without a filter aid, the impurities and 
salt in the oil will either pass through the filter cloth or completely clog 
and seal the flow channels. The primary functions of filter aids, accord- 
ing to Elsenbast and Horine’® are as follows: (1) The removal of turbidity, 
suspended salt, wax, small amounts of moisture, etc., by incorporation 
in a filter-aid cake; (2) the surface-tension effect of breaking emulsions 
by passage through a filter-aid film; (3) protection of the cotton, wool or 
metal filter fabric. When petroleum emulsions are filtered through a 
filter aid, the emulsion is broken and the separation of oil and water in 
the filtrate occurs. Crude oils containing salts in either the solid or 
dissolved phase can be desalted. 

Two sets of data were obtained in our laboratories using different 
laboratory apparatus. In the preliminary work, a hollow disk was used, 
one face of which was cloth supported on metal screening. An outlet on 
the other face was attached through a trap to a vacuum line. The filter- 
aid material was applied to this disk by immersing in naphtha in which the 
filtering material had been mixed. A cake 44 to 34 in. thick was thus 
applied and held in place by the vacuum. The filter was immersed in 


the oil under test and the oil was sucked through into the trap. After — 


each test a thin layer of the filter aid was scraped off, exposing a fresh 
surface. The results of some of the tests are tabulated in Table 6. The 
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filtration in these tests was effective in reducing the salt content to a 
satisfactory figure. 


TasLE 6.—Filtration Tests 


4 ee Salt in Oil, 
ae Type of Oil Ce ps hed np Bae eg 
: Min. ated, C.C. 
Before After 
1 | Kentucky crude 140 Not 240 9.2 
measur- 
able. 
2 | Kentucky crude + 10 per cent emulsi- 
fied water 77 402 240 29.2 
3 | Michigan topped crude at 200° F. 207 15 90 14.8 


#87 per cent of water added. 


In a larger experiment with a small vacuum precoat filter, several 
tests were conducted to determine the salt removal and the filtration 
rates. A Mid-Continent topped crude oil containing approximately 
100 Ib. of salt per 1000 bbl. was used. The oil was maintained at a 
temperature of 130° to 290° F. in the several test runs. A vacuum of 
5 in. of mercury was maintained during most of the tests. The filter-aid 
precoat was placed on the filter with the aid of a clean gas oil. Under 
these conditions filter rates as high as 30 gal. per sq. ft. per hour were 
reached. The results obtained showed a removal of salt to 14 lb. per 
1000 bbl. Based upon a rate of 24 gal. per sq. ft. per hour, a filter of 
approximately 80 sq. ft. should filter 1000 bbl. in 24 hr. This sized 
installation is not unreasonable for commercial operation. 
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Chapter II. Review of Notable New California Fields 


The Wilmington Oil Field 


By E. J. BartosH* 


(Los Angeles Meeting, October, 1937) 


In the brief period from November 1936 to September 1937, the 
Wilmington oil field developed far beyond all expectations. Decline in 
some wells appears very rapid, but it is too early to draw definite con- 
clusions, as the majority of wells are maintaining very large and steady 
output. Heavy curtailment in the central area, which has developed 
the largest wells, makes it impossible to arrive at a satisfactory 
estimate of decline. 

The field is producing oil from the Repetto (lower Pliocene) and 
Puente (upper Miocene) formations, which are of the same age as forma- 
tions producing at Torrance, EH] Segundo, del Rey or the marginal fields 
of the Los Angeles Basin. All of these fields are underlain by schist. 
The Long Beach field, northeast of Wilmington, is productive throughout 
3000 ft. of Repetto-Pliocene series and also approximately 3000 ft. of 
Miocene formations, whereas at Wilmington only 700 to 800 ft. of 
Repetto and 2500 ft. of Miocene formations contain oil and gas. 

This paper gives a brief summary of the history and development of 
the field to Sept. 15, 1937, showing the subsurface conditions as they exist 
with the field only partly developed. 


History oF DEVELOPMENT 


The Wilmington oil field, 20 miles due south of Los Angeles, adjacent 
to Los Angeles harbor and about midway between the cities of San Pedro 
and Long Beach (Fig. 7), was producing oil as early as 1932 and only came 
into prominence as a major oil field of Southern California in the fall of 
1936, when the General Petroleum Corporation of California completed 
Terminal well No. 1 from the upper Miocene, at a depth of 3625 ft., for a 
daily production of 1500 bbl., 20° gravity A.P.I., thereby establishing 
discovery of the Terminal zone. 

As early as 1925, or during the close of the development of Torrance 
oil field, a number of wells were drilled in the Main Street area looking for 
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possible extensions of the Torrance field. Most of these wells were 
definitely edge wells and low structurally with regard to both Torrance 
and Wilmington fields. From 1925 to 1932 a few wells were drilled south- 
east of this area and in January 1932, well A (Fig. 1) was completed on the 
pump at a depth of 3786 ft. in Repetto formation for an initial of 75 bbl. 
daily of 13.0° gravity oil, thereby establishing discovery of the Ranger 
zone. Subsequent drilling by various operators in wells indicated on 
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Fic. 1—Conrours ON TOP OF RANGER ZONE. 


fig 1 and.Table 1 as B, C, D, KH, F and G proved better production 
southeast of the original area, all producing oil from the Repetto (lower 
Pliocene), and H and J, drilled in 1936, definitely proved that a major field 
existed. Well G, completed June 11, 1936, in the upper portion of the 
Ranger zone for initial production of 195 bbl. daily of 17.4° gravity oil, 
well H for 125 bbl. daily of 16.0° gravity, in November 1936, and well I, 
in November 1936, for 1500 bbl. daily production from the Terminal 
zone (Miocene). 

The discovery of the Tar and Terminal zones may be attributed 
directly toa structural interpretation of the area in which a seismograph 
may have played an important part. This well was higher structurally 
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than any well previously drilled. The subsurface work on the early 
wells may be credited for the discovery and later development of the 
Ranger zone. 

Subsequent work in the subdivided area in the northerly and westerly 
parts of the field precipitated a drilling campaign, which began in Decem- 
ber 1936 and reached a boom period when major operators with large 
acreage began offset drilling. On May 12, 1937, in all 83 wells had been 
completed and 47 were drilling. By June 1 of that year 108 wells had 
been completed for a potential daily output of 65,985 bbl. Curtailment 
became effective on June 2 in the central part of the field, and production 
averages for July were 48,794 bbl. daily from 180 wells. This was a 
daily average of 271 bbl. per well. 


TaBLE 1.—Drilling Record 


Initial 


Produc- Pro- Date Total Plug 
Well Company Well Name tion duction,) Gravity | Com- | Depth, | Depth, 
Method Bbl. pleted Ft. Ft. 
per Day 


A | Ranger Petroleum Co. | Watson No. 2 | Pumping 75 13.0 1/26/32] 3,821 | 3,786 
B |(Chas. Baehr) Sunset | Lupie No. 1 Pumping 100 15.8 6/28/33] 3,634 


Oil Co. 
C | Eyer Petroleum Co. No. 1 Pumping 75 14.5 4/ 2/36) 3,794 
D (Sovereign Oil Corp.) | Banning No. 1| Pumping 150 15.0 5/ 8/36| 3,663 3,535 
Royalty Service Corp. 4% cut 
E_ | Codri Oil Co. No. 1 Pumping 40 13.0 8/14/36} 3,901 3,540 
5% cut 
F | Royalty Service Corp. | Banning No. | Pumping 100 13.0 8/ 8/36] 3,758 
11-1 3% cut 
G | Harbor Drilling Co. No, 1 Pumping 195 17.4 6/11/36| 3,566 
5% cut 
H | Bankline Oil Co. D. H.C. No. 5} Pumping 125 15.0 |11/ 5/36) 4,337 | 3,507 
3% cut 
I General Petroleum] Terminal | Flowing 1,440 20.0 |12/ 6/36] 6,814 | 3,625 
Corp. of Calif. No. 1 3% eut 


The development at this stage shows the general structural features 
determined by early drilling. The expectation of a rise in structure to 
the south and east was well founded because the present developed area 
extends beyond all previous conceptions of the field. The proven area 
now covers only the central, northerly and westerly portions of the struc- 
ture, leaving the easterly and southeasterly portions unknown. 


GEOLOGY 


The surface formations are San Pedro-Quaternary sands and gravels 
varying in thickness from 500 to 700 ft. and lying unconformably upon 
the upper Pico-Pliocene formation. A columnar chart is given in Fig. 2. 

The upper Pico rests unconformably upon the Repetto (lower 
Pliocene) in the highest part of the field, whereas on the north flank and 
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low fault block the middle Pico member apparently is overlapped by the 
upper Pico, leaving an unconformable contact between the middle Pico 
brown shales and the Repetto. This unconformity is very noticeable in 
all electrical logs, particularly in the west and central areas, where a sharp 
break in the electrical curve, due to low resistivity, is discernible. Inter- 
pretation of these curves also indicates brackish water sediments down to 
this hiatus and that all sands below or in the Repetto not containing oil 
have a very saline water. 

The Repetto (lower Pliocene) and upper Puente (Miocene) contact is 
normal. The upper Miocene is marked by the predominance of gray- 
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Fic. 2.—CoLUMNAR SECTION, WILMINGTON OIL FIELD. 


white diatomaceous shale with thin partings of oil sands for the upper 
100 ft., grading to platy and brown massive shales (commonly referred 
to as “poker chip” shale). Numerous hard calcareous or porcelaneous 
shales are found in the Miocene column. This Miocene section is fairly 
uniform from the contact down to the middle Miocene formation, which is 
encountered at 6425 ft. The middle Miocene formation continues on 
down to the top of the Franciscan (?) schist, which has been found 


at 6787 feet. 
STRUCTURE 


Topography of the area is very gentle and ranges in elevation from 
10 to 40 ft. There was very little evidence of structure except in the 
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slight elevation in surface east of the flood-control channel. All work was 
of subsurface nature before intensive drilling began and after discovery 
of Tar and Terminal zones. 

Magnetic! and drill-pipe orientation of cores from some of the early 
wells aided materially in determining subsurface structural trends, and 
since the field has developed the results of these early magnetic orienta- — 


$8 
GELESs tees b rad 
COUNTY OF LOS ANGELEY ___- —~, & ; 
~ “Gry OF LOS ANGELES e Ry / SF 


PPR 
we \ 


000 = | 
1 ea a | 
o \ ie [ 

© 


4 RS 
[Th AT 
I 
i) 
i) 
SANTA FE 


Ts 
EE 


= 
al 


- 
. 

° 

° 


Fig. 3— STRUCTURAL CONTOURS ON TOP OF RANGER ZONE (F). 


tions have been confirmed (Fig. 3). The field may be described as a 
faulted and irregularly shaped dome with major faulting transverse to 
principal axial trends. 

Four normal faults are outlined by present development (Fig. 4): 

1. In the westerly part of the field, the Wilmington fault, with 
a throw varying from 260 to 275 ft. measured at Miocene contact, has 
an average hade of 30° easterly. The hade of this fault decreases north 
of Anaheim Boulevard. 


1E. D. Lynton: Laboratory Orientation of Cores by Their Magnetic Polarity. 
Amer. Assn. Petr. Geol. Bull., 21, No. 5. 
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2 and 3. Two other parallel faults of less magnitude, with the same 
general trend, cut through the central part of the field east of Ford 
Avenue, and for discussion purposes will be referred to as the graben 
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Fig. 4.—PRODUCING ZONES AND NORMAL FAULTS NORTH OF AND PARALLEL WITH 
ANAHEIM STREET, WILMINGTON OIL FIELD. 

faults. The west fault hades 20° easterly with a throw of 30 to 60 ft., 

and the east fault also hades 20° easterly with a throw of 50 to 80 feet. 

4. The fourth fault, the farthest east, herein referred to as the 

Dominguez harbor fault, with beds upthrown on the west and down- 
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Fic. 5.—NorRTH-SOUTH CROSS Baerion: WILMINGTON OIL FIELD. 
thrown on the east with a displacement of approximately 100 ft., hades 
about 15° easterly and leaves a large upthrow block on the north flank of 


the structure. 
The major faulting apparently occurred near the close of Miocene 


time. As determined from the detailed study of electrical logs, the 
Miocene stratigraphy appears very uniform. 
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The overlying Pliocene (Fig. 5) normal at the contact, shows consider- 
able thickening of shales in the depressed areas and gradational increase 
in sands on the high portion of the fault blocks. There is also a progres- 
sive thickening of the sands to the north and at certain structural levels 
a large amount of carbonaceous material, also shore-line forms of mega- 
scopic fossils, which probably indicates a regressive sea during the period 
of deposition, owing to the progressive uplift of the region southwest of 
the area. 


Oi AND GaAs ZONES 


Five producing zones have been proven (see Fig. 4): 

1. The Tar zone (Repetto, lower Pliocene) ranges in depth from 2400 
to 2800 ft., with a thickness of 225 to 350 ft. This contains an average 
of 95 ft. of oil sand, or approximately 33 per cent. The zone is marked 
by micaceous silts at the top, grading downward to fine and coarse oil 
sands. ‘The initial productions of wells range from 195 to 325 bbl. per day 
of oil ranging from 12.5° to 15° A.P.I gravity. This oil has a gasoline con- 
tent of 0.00 to 3.73 per cent and a sulphur content of 1.94 to 2.48 per cent. 

2. The Ranger, or F, zone (Repetto, lower Pliocene) is encountered at 
depths of from 2600 to 3500 ft. with a thickness of 200 to 340 ft. It is 
marked by firm, clayey shales at the top with calcareous concretions in 
places, with abundance of micro fauna. The principal oil sands lie in the 
upper 200 ft. and grade from medium to coarse-grained oil sands to dense 
massive shales, with numerous thin lenses of fine oil sands in the lower 
part. The total oil sand is from 75 to 130 ft., or approximately 35 per 
cent of the zone. The oil in this zone ranges from 14.4° to 23.4° gravity 
A.P.I., and initial production varies from 50 to 3000 bbl. per day. The 
gasoline content ranges from 3.0 to 21.0 per cent, and the sulphur content 
from 1.22 to 2.20 per cent. 

3. The top of the Upper Terminal, or H, zone (Puente formation, upper 
Miocene) is encountered 200 ft. below the Miocene contact at depths of 
3050 to 3450 ft. Productive thickness of the zone varies from 40 to 
600 ft. and consists of alternate sands and brown shales, approximately 
50 per cent of the zone being oil sand. Initial production ranges from 300 
to 2000 bbl. daily of 17.0° to 25.0° gravity oil. The lower-gravity oil is 
found in the area west of the Wilmington fault. The sulphur content 
varies, according to gravity, from 1.34 to 2.5 per cent, the lighter oil 
having the smaller amount of sulphur; and the gasoline content is from 
7.60 to 17.65 per cent. 

4. The Lower Terminal (Miocene) is encountered at depths of 3650 
to 3800 ft. and has a thickness of 300 ft. with an initial production of 2500 
bbl. daily of 27° to 31° gravity oil A.P.I. This zone also consists of about 
50 per cent oil sand. The sulphur content is 0.89 per cent and the gaso- 
line content is 34.0 per cent. 
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5. The Ford zone is encountered at 4800 to 5100 ft. with a thickness of 
500 ft. and has an initial production of 500 to 700 bbl. daily of 31° gravity 
oil A.P.I. It also consists of about 50 per cent oil sand. The sulphur 
content is 0.81 per cent and the gasoline content 30.97 per cent. 

In some parts of the field it is a common practice to produce the Tar 
and Ranger zones together, or the Ranger and Upper Terminal zones, or 
the Upper Terminal and Lower Terminal zones. This, of course, is done 
only where no intervening water is present. 

The largest well to date is a combined Upper and Lower Terminal 
zone well, and has developed a potential production of 7700 bbl. per day 
of 30° gravity A.P.I. oil, with 3500 M cu. ft. of gas. 

Unlike some of the major fields in the Los Angeles Basin, this field 
shows no high-pressure gas zones overlying the oil measures. The 
majority of the flowing wells yield a very low volume of gas at first and 
as the rate of withdrawal increases the volume also increases, The 
Ranger zone shows volumes of 50 to 550 M cu. ft. per day. Some of the 
Miocene zones have shown larger volumes of gas in the central area. 
These wells have developed volumes of 50 to 3500 M cu. ft. The gasoline 
content varies according to pressure and zones and is from 0.50 to 2.00 
gal. per M cu. ft. 

The probable proven acreage of each zone is: Tar zone, 1200 acres; 
Ranger zone, 2100; Upper Terminal zone, 1200; Lower Terminal zone, 
500; Ford zone, 500. 


DRILLING PROGRAM 


City and State Regulatory Measures.—The portion of the field included 
in the City of Los Angeles is divided into light and heavy industrial zones. 
The light, or D zone, requires approval of zone change by the Planning 
Commission and City Council, together with signature of the mayor, and 
well derrick permit from the Board of Fire Commissioners, in addition to 
the well-known requirements of the State Division of Oil and Gas. The 
heavy, or E, zone is more simple and requires only approval by the Board 
of Fire Commissioners and compliance with State requirements. 

Methods.—Drilling is done entirely by rotary method. Steam and gas 
engines and electric Hild drives are used. The drilling time to completion 
at depths of 3300 to 3600 ft. is 18 to 30 days. Most of the wells are drilled 
with fishtail bits; occasionally rock bits are used in drilling the hard 
calcareous members of the Ranger and Terminal zones. 

Drilling is comparatively easy and no unusual hazards, such as high- 
pressure gas, caving shales or loss of circulation, have been encountered. 
The customary practice has been to drill a well to the Tar zone, then 
run an electrical survey, which has been one of the greatest aids in mak- 
ing subsurface correlations in this field, accompanied by micropaleontol- 
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ogy, which has definitely established the principal marker horizons and 
thereby simplified correlations of the electrical logs. After the primary 
water string has been cemented, the well is drilled to what is considered a 
safe penetration in the oil zone and a second survey is made prior to 
landing of the oil string or liner and combination shutoff tests. The cas- 
ing type of formation testers are used for the water shutoff tests. 

The size of perforations in the oil string ranges from 30 to 80 mesh 
vertical slotted, although the majority of wells are completed with 80 
mesh. There is no definite proof that the wells using larger casings have 
produced more oil to date. There may be a few exceptions to this state- 
ment, but undoubtedly the ultimate recovery of individual wells com- 
pleted in the same structural position and in the same zone will be an 
important factor in this problem of larger casings.” 

Cost of drilling wells ranges from $30,000 to $60,000 for average 
Ranger and Terminal zones, although in certain areas foundation and 
excavating or road building increases the cost considerably, as all piers 
and concrete corners must be set on piling, because the top soil is soft 
and soggy. 


CasInGc PROGRAM 
The casing program for different wells varies according to the different 
areas and type of oil zone encountered, as follows: 
1. Typical Tar zone well: 


16, 18 or 20-in. conductor casing 90 to 150 ft. 
1034, 1134 or 133¢-in. water string 2200 to 2600 ft. 
65, 7, 85¢ or 9-in. oil string 2500 to 2900 ft. 

2. Typical Ranger zone well: 


13, 16, 18 or 20-in. conductor casing 90 to 700 ft. 
85g, 1034 or 1134-in. water string 2700 to 3600 ft. 
65g, 85¢ or 9-in. oil string or liner 2900 to 3800 ft. 


3. Typical Upper Terminal zone well: 


Conductor casing and primary water string same as for Tar zone well. 
65g, 85¢ or 9-in. oil string or liner landed at 3600 ft. with combination shutoff 
at top of Terminal zone. 


4. Lower Terminal zone well: 


Same as Upper Terminal except additional 434 or 534-in. liner or oil string 
down to about 4000 ft. 


5. Ford zone well: 


Same as Terminal with additional oil string landed in bottom zone and 
combination shutoff at 4800 ft. 


2K. K. Parks: Selection of Sizes of Oil Strings in California. Amer. Petr. Inst. 
Paper 801 (1937). 
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PRODUCTION 


Fig. 6 shows the production curves for the entire field. This graphic 
picture shows the rapid increase in the total number of wells in a period of 
six months, with the peak still an unknown quantity. On June 2, 1937, 
the average daily production per well was 463 bbl. Curtailment became 
effective on that date and, along with decline of early wells, showed a drop 
in this daily average to 269 bbl. by July 2, and a daily average per 
well of 230 bbl. on Sept. 1. This is an average daily decline per well of 
29 per cent from June 2 to Sept. 1, and of 12 per cent from Aug. 1 to 
Sept. 1. 

The majority of the wells have been completed as normal flowing 
wells, with the customary setting of tubing above the perforations and 
circulating with water until the well would start to flow. A few wells 
have required swabbing. 

Sand is one of the problems in all oil wells, and this field is no excep- 
tion, although conditions are worse in certain portions and may be 
attributed particularly to the character of the sands, especially the silty 
and micaceous members. In flowing wells by maintaining a uniform 
back pressure, very little sand trouble occurs. Sand trouble usually 
occurs when wells have ceased to flow or a disruption of the bottom-hole 
pressure begins to develop. 

An interesting development in this field is the regular meeting of 
operators to discuss common production problems and seek remedies for 
combating them. I believe the consensus is that a careful check of fluid 
levels with the Depthograph and record of bottom-hole pressures, which 
are being made, will aid materially in determining the proper rate of 
withdrawal, thereby retarding the shifting and heaving of sands. 

In a number of wells, tubing has been set with packers and has pro- 
longed the flowing life of these wells. In certain areas it has been found 
more practical to pump wells before they have ceased flowing, but in 
these pumping wells a constant back pressure is maintained with special 
regulating valves. This regulating of back pressure and the rate of with- 
drawal appears to be a very satisfactory method in retarding the entry of 
sand into the well. 


PIPE-LINE FACILITIES 


General Petroleum Corporation of California and Richfield Oil 
Corporation are the only two pipe-line companies handling oil from this 
field. Practically all of the oil produced in the westerly area is shipped 
by truck to various refineries in the Los Angeles Basin. 

The price of oil ranges from 40¢ to 80¢ per barrel, depending entirely 
upon the gravity and the purchasing companies. 
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CONCLUSION 


To date (Sept. 15, 1937), with one-half of the field partly developed, 
there are approximately 2100 acres of proven oil land. The rapid 
development due to competitive drilling reached a potential of 113,455 
bbl. per day for the month of August 1937, from 204 wells. Production 
as of Sept. 1, 1937, is 56,955 bbl. per day from 248 wells, with quite a 
number of wells heavily curtailed in the highest portion of the field. The 
field produced 6,804,380 bbl. from Dec. 7, 1936, to Sept. 1, 1937, but it is 
too early to predict its future production because only the westerly part 
of the entire potential area has been developed; the portion that lies in the 
city of Long Beach has not yet been opened for drilling. 


Sarthe 
SMH 
ete by ese ee 


Fig. 7.—LocatTion oF WILMINGTON FIELD IN RELATION TO OTHER OIL FIELDS, 
CALIFORNIA. 


At the present time (Sept. 15), 260 wells have been completed, 
divided into 68 pumping wells and 192 flowing wells. Drilling wells have 
decreased until on Sept. 15 there are only 25 active wells. The number of 
wells and the zones from which they are producing are as follows: 


NuMBER NuMBER 

Location or WELLS or WELLS Location oF WELLS or WELLS 
Te Torta a ao oe core ae OBS Moca 12 Upper Terminal zone.........----- 70 
Tar and Ranger zones........--.--- 13. Upper and Lower Terminal zones... 9 
Tar, Ranger and Upper Terminalzones 1 Lower Terminal zone............-- 1 
Ranger ZONE. 2...) ee ee cent ene ees Rie Mord MOC des atu tia a ok eee 


Ranger and Upper Terminal zones... 64 — 
260 


With the opening for drilling, in the near future, of land in the city of 
Long Beach, the field should show a large increase in productive area. 
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APPENDIX 
AprRIL 5, 1938 


Since the report on the Wilmington field was written on Oct. 1, 1937, 
numerous new developments have occurred. 

The drilling restrictions on properties in the city of Long Beach were 
lifted on Nov. 11, 1937, and subsequent development proved that 
another normal fault exists in the Long Beach harbor area, which is now 
referred to as the Long Beach harbor fault. Production of 150 to 550 bbl. 
of 16° to 18° A.P.I. gravity crude is found east of the fault from the Ranger 
zone, whereas to the west of this fault the Ranger zone produces from 500 
to 2700 bbl. of 20° to 24° A.P.I. gravity oil. The wells producing Upper 
and Lower Terminal zones combined, west of the fault, yield production of 
5000 to 8200 bbl. of 22° to 28° A.P.I. gravity oil, and east of the fault the 
entire Terminal zones are barren. 

Proven area of the field is now about 3200 acres. Daily production as 
of March 30, 1938, was 104,710 bbl. from 399 active producing wells, with 
a large number of wells heavily curtailed voluntarily. Drilling wells 
number 33 and should continue for several months before the proven area 
is developed. 


DISCUSSION 
(Ernest K. Parks presiding) 


A. GrecerseEn,* Los Angeles, Calif—I should like to ask about the uniformity of 
the top of the Repetto and the base of the Middle Pico? 


E. J. Bartosu.—This varies, more or less, not having the exact contacts of any 
particular well. The most significant part is indicated on the electricallogs. There is 
a very decided change in character of formation indicated in the resistivity recording, 
and also the permeability curve, which is the only positive indication we have. The 
top of Middle Pico is rather indefinite at this time. 

In the cores of a well drilled on the north flank, Middle Pico formation was found 
and a drilled interval of about 500 ft. indicated that a point considerably below the 
Repetto contact had been reached. The Repetto is not known to be a normal section. 
We arrived at this deduction by the approximate position of the middle Pico 
faunal zone. 

The unconformity is rather a vague point in some areas. On one electrical log it 
seems to be very much in evidence. The north-south section brings it out better than 
the east-west section. I have an upper to middle Pico contact on a logged section 
and it suggests practically a horizontal bedding plane. The Upper Pliocene and 
Repetto contact indicated on cross sections suggests no disturbance whatsoever from 
Repetto time on. 

(Since the reply above was written we have found evidence that a thin Middle Pico 
member is present in the central area of the field and lies unconformably upon the 
Repetto, with an unknown amount of Repetto section eroded, if any, although cross 
sections suggest some erosion having taken place. In the Long Beach harbor area 
the Upper Pliocene rests unconformably upon the Repetto.) 


* Geologist, The Texas Company. 


El Segundo Oil Field, California 


By L. E. Portrr* 
(Los Angeles Meeting, October, 1937) 


Eu Segundo field is about 14 miles southwest of the central portion 
of the city of Los Angeles, immediately adjacent to the town of El 
Segundo and the Standard Oil Company’s El Segundo refinery site. The 
field is served and bisected by several major highways connecting the 
beach cities on the west side of the Los Angeles Basin. The exact location 
of the field and its position with respect to other producing areas is shown 
on the map covering this portion of the Basin (Fig. 1). 

The Republic Petroleum Co. discovered the first commercial produc- 
tion in the area when it completed its El Segundo No. 1 (sec. 18, T. 3S. 
R. 14 W.) at a depth of 7402 ft. on Aug. 24, 1935, flowing at the rate of 
about 400 bbl. per day, 28° gravity oil. The producing horizon in this 
well consists of about 72 ft. of conglomerate and schist conglomerate 
situated below the nodular shale (Miocene). The true (or solid) schist 
(Franciscan) was encountered and penetrated some 20 ft. in the bottom 
of the hole. 

This paper gives a report on the history of development and oil pro- 
duction to date, and also submits the writer’s interpretation of structural 
conditions as determined from such development. The limited develop- 
ment, together with the complex and variable nature of the producing 
horizon, makes any interpretation of the structure at present only 
tentative, and any forecast for a given well extremely hazardous. 


History or Orn AND Gas PRODUCTION 


The El Segundo field has produced approximately 1,920,000 bbl. 
of oil. It has 27 producing wells and 14 drilling wells or locations. The 
present daily rate of production is about 13,400 bbl. The production 
history of the field to date is shown in Table 1. The principal companies 
operating or owning leases in this field are: Caminol Company, Geo. F. 
Getty, Inc., Ohio Oil Co., Republic Petroleum Co., Pacific Western Oil 
Corporation, Royalty Service Corporation, Richfield Oil Corporation, 
Standard Oil Company of California, The Texas Company, Union 


Oil Company. 


Manuscript received at the office of the Institute Oct. 18, 1937. 
* Richfield Oil Corporation, Los Angeles, California. 
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TaBLe 1.—Petroleum Production, El Segundo Field 


Number of Barrels Daily 
re erga S 4 onthe Sh ohasbiaad 
1935 
September: dic.) oheaees Peealo her ittan keaeneeele 1 4,418 148 
CO fei fn) 213) ee ee ee ent wale 4 ees ccs 1 4,728 153 
Novem ber sna ci occ cenaeetenteana ne cleihe ices ee eee ge 1 5,247 174 
Deécember sities) oh aa ee he ee olen eee Oe ere 1 5,166 167 
1936 
JEMUALY «cot ccchors ee ke Ne pe SEE oa tea ene 1 4,986 161 
HeDiUATY:.<. oudaat crore Ur aske rth, Wen iins ie ere eres 1 4,624 165 
Matels Fila ices raeee toh om thats tetas eee saoremeee 1 4,576 147 
ADT Iles eee ere ge eye Sey eT oe COND ero em eTe 1 4,456 149 
May san ce ere ee teen Se eas 2 10,058 324 
JUNE Acne Ss Hane seins bs apete  Ga Meets wee 2 11,817 394 
A [iE ean OOM Canes OR aN Pee te cae oa eM re Pc dale 2 11,742 369 
AU STIS toil eet: orca Veeck: ratty pare ea 3 10,252 331 
Septembers isin ota keene ne tinct eictes 3 12,573 419 
OCtODER. Paras eine Sew ee eae ee tere ee ea 3 11,815 381 
Novem bers Re te ho ee ps See 3 1 Bes ae / 377 
December ®.ciackc talist ows forte aol wak eee oe A 65,119 2,100 
1937 
TSMUATY sich ccna Paces en Re oe SOE 4 66,025 2,130 
Hebruaty SMa ctcn ene eee LAr amore 6 55,730 1,990 
NiSrCHe?. RAcG rte ee crite ee tte cee me 15 122,751 3,960 
Woh a! Rete ee are ok at oie, PT ES eae oeeht ee ee 16 166,372 5,548 
CK eerie Bye aon Sree pare ome 4 eed pat ne 18 172,635 5,369 
ALG Sara ee a wsctae ake any ht Pe Ene, an Ki avant eo ey ee 21 179,038 5,968 
DULY cee Nie een tee ede RC nh tiers ear EySe renee 24 272,304 8,784 
FANIQUBE ska akccaleeea dees tS Wrage tes tee cence Pat caste 25 348,653 11,247 


The development to date has been confined principally to secs. 7 and 
18, T.38, R. 14 W. Morerecent development indicates that the town-lot 
area north of the refinery site in sec. 12, T. 38, R. 15 W, will be opened up 
for considerable development. It is to be hoped that communitized 
leases will be used in the town-lot area in order to keep the production 
output on a conservative basis and to maintain the utilization of existing 
reservoir pressures to their maximum efficiency. 

It has been mentioned that the first development was started by the 
Republic Petroleum Co. in August 1935. This was followed by the 
drilling of a second well and then a period of comparative inactivity 
existed until December 1936, when the Richfield Oil Co. brought in its 
first well on its El Segundo property in the northeast quarter of sec. 18, 
from a depth of 7435 ft., for an initial production of 2533 bbl. of 27.2° 
gravity oil. This development started considerable activity in sec. 18, 
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which was followed by successful completions on the Republic, Caminol 
and Richfield properties. Production up to that time had been confined 
mainly to the conglomerate and schist conglomerate overlying the true 
basement schist. 
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Fic. 1.—WestErRN PART OF Los ANGELES Basin. 
Shaded areas are those in which schists occur. 

The third stage of development in the field was started when The 
Texas Company completed its Security No. 1 in the west half of the 
northwest quarter of sec. 18. This well was completed on May 238, 1937, 
at a depth of 7253 ft., for an initial production of 4563 bbl. of 26.5° 
gravity oil. The third stage of development has been confined largely 
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to the area around the section corner common to sees. 7, 12, 13 and 18, or 
at the intersection of Sepulveda and El Segundo Boulevards. Prac- 
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Fig. 2.—SUBSURFACE CONTOUR MAP OF TOP OF PRODUCING HORIZON, En SEGunpo. 
FIELD. 
Top of conglomerate if present, otherwise top of schist. Datum sea level. 
Shaded area has little or no conglomerate. 


tically all of the production in this westerly area is being obtained from 
the fractured schist itself, the conglomerate being decidedly absent. 
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STRUCTURE AND STRATIGRAPHY 


The structure so far is interpreted as that of a faulted schist high, 
representative of an old structural high that is Franciscan or pre-Fran- 
ciscan in age. There is some reflection of structural doming in the 
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Fic. 3.—NoRrTHWEST-SOUTHEAST SUBSURFACE SECTION, EL SEGUNDO FIELD. 
Miocene sediments, below which production is found. To date, no 
production has been found above the nodular shale, which immediately 
overlies the schist or conglomerate. 
The field has been segregated into two major producing areas sepa- 
rated from each other by a major line or zone of fracturing with the 
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westerly portion of the field on the upthrown side. These two structural 
divisions are more clearly shown on the subsurface contour map 
(Fig. 2), in which the contours have been placed on the top of the pro- 
ducing conglomerate, if present; otherwise, on the top of the schist. The 
exact nature or position of the supposed fault has not yet been wholly 
disclosed. Future development may find it to be merely a steep escarp- 
ment on the schist itself, yet present development strongly suggests that 
a major break will ultimately be found, the throw of which is indicated 
to be about 200 feet. 

The stratigraphic column or geologic section in the area consists of 
formations belonging to the Pliocene and Miocene, which overlie the 
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Fig. 4.—Corr SAMPLES, Ex SEGUNDO FIELD. 
. Cross section of core showing nodule in nodular shale. 
. Longitudinal section of core showing banded nodular shale. 
. Conglomerate schist contact in core taken from Richfield’s El Segundo property. 
. Medium to fine-grained micaceous sand from east side of El Segundo field. 
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Franciscan schist. The Pliocene-Miocene contact in the central portion 
of the field is encountered between 5200 and 5400 ft. (The relationship of 
this contact is in Fig. 3.) The exact top of the Miocene has not been 
determined through coring, the information being obtained from elec- 
trical logs, which have given fair evidence as to the position of this 
contact. The sediments from about 5200 ft. to the top of the schist, 
which is encountered from 7200 to 7450 ft., consist mainly of the typical 
Miocene sands and shales found elsewhere in the Los Angeles Basin. The 
most interesting unit of this series is the dark brown nodular shale that 
directly overlies the producing oil horizon. Samples of this shale have 
been photographed and are shown in Fig. 4. The nodules themselves are 
gray to brownish gray in color and vary as a rule from 14 to 2 in. in diam- 
eter. ‘They appear to be highly phosphatic and occur with a brownish to 
dark colored banded shale. The dip in the nodular shale so far appears 
to be nonconformable to the dip of the conglomerate or sand phases of the 
producing zone. 

In many ways, the nodular shale, the conglomerate, and the occurrence 
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of the oil in the schist form a condition similar to that found in the lower 
zones in the near-by Venice and Playa del Rey fields and certain portions 
of the Torrance field. The El Segundo field differs mainly from Venice 
in that so far no production has been discovered above the nodular shale, 
and that in the vicinity of the intersection of El Segundo and Sepulveda 
Boulevards the wells have encountered schist that has been somewhat 
fissured through erosion and fracturing. The oil in this field is 27° to 
28° gravity whereas the Venice oil varies from 20° to 24°. 

In the eastern half of the El Segundo field most of the oil occurs in a 
conglomerate or schist conglomerate, which apparently has been deposited 
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Fig. 5.—CorE SAMPLES, Hi SEGUNDO FIELD, 
a. Cross section of sample ain Fig. 6. Oil in fractures and fissures. 
b. Highly fissured and fractured massive schist with large pyrite crystals on inside 
-walls of fissure. Dark spot in center represents hole with 0.35-in. diameter, which 

runs through entire core. Apparent recementing of fissure is due to pyritization. 
Sample taken from same well as core in Fig. 6a. 

c. Highly contorted schist, very dense with pyritic crystal growth approximately 
0.3 in. in diameter, growth adjacent to small pinlike holes concentrated in area of 
about 0.1 inch. 


upon an uneven erosion surface of the schist and its thickness varies from 
a few feet to as much as 90 ft., the greatest thickness so far having 
been encountered in the Richfield Oil Corporation’s El Segundo No. 1. 
The color of this formation is generally gray to greenish gray, including 
irregular pebbles of schist as well as some well rounded quartz and basaltic 
gravels, some having a diameter as great as 14% to2in. Tests upon the 
conglomerate indicate a porosity as high as 13 per cent, as shown in core 
sample cin Fig. 4. In the more or less distinct sand encountered in Rich- 
field Oil Corporation’s El Segundo No. 6, a porosity as high as 28 per cent 
has been measured. 

In the so-called western area, or western half of the field, the produc- 
tion so far has been confined to a fractured and irregular schist formation. 
Core samples that show large pyrite crystals on the inside walls of fissures 
have been extracted from some of the wells. Examples of these are shown 
in Fig. 5. In one example shown there, a hole as large as 0.35 in. has been 
measured. There is much speculation as to the occurrence of production 
in this so-called schist horizon. Tests have been made on certain samples 
for their porosity; for example, in sample a of Fig. 6, from Richfield Oil 
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Corporation’s Elsie No. 2, a porosity of 14.5 per cent was found. This 
sample also shows the oil contained in the crevices of the core. It has all 
the appearance of having been altered, either by weathering or hydro- 


Fic. 6.—CoreE SAMPLES, EL SEGUNDO FIELD. 
a. Fractured and fissured schist from Richfield’s Elsie lease. 
b. Solid green talco schist from same well as core a but in lower portion of hole. 


thermal action, or both. The solid schist found at the bottom of the hole 
has a porosity of only 5.8 per cent (sample b, Fig. 6). These low porosi- 
ties strongly suggest that the occurrence of oil in this western area must 
be confined principally to the fissures and fractures that have been made 
in the schist subsequent to its alteration. 


RELATIONSHIP OF OIL AND GAS ACCUMULATION TO THE STRUCTURE 


Following the contours on Fig. 2, it will be found that the 7500-ft. 
contour in the eastern area probably makes the edge-water line in this 
portion of the field. Edge water has been definitely encountered in the 
Richfield Oil Corporation’s Santa Fe No. 1, the Union Oil Company’s El 
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Segundo No. 1 and No. 2 in sec. 18, and The Texas Company’s Johnson 
wells No. 2-1 and No. 2-2 in sec. 17. Just where the trace of this contour 
will progress north and westward cannot as yet be determined. The wells 
in this eastern area have been wells of low initial gas-oil ratios varying 
from 500 to 800 cu. ft. of gas per barrel of oil produced. The largest well 
in this area has been the Richfield Oil Corporation’s El Segundo No. 1, 
which has produced approximately 300,000 bbl. since it was completed 
in December 1936. Subsequent wells, however, have not been so fortu- 
nate, and have shown the direct influence of counter drainage. In the west- 
ern area, the discovery of which is credited to The Texas Company in its 
Security No. 1, production has been very erratic. The initial well, Secur- 
ity No. 1, has produced in excess of 400,000 bbl. in about five months, 
while other wells alongside it are capable of only 100 to 200 bbl. per day. 

Development in the field to date has suggested that approximately 
850 acres are more or less proved. The general spacing program has been 
patterned on about one well to each 10 acres. It is quite possible that the 
field will extend west and northwesterly, so that ultimately it may include 
as much as 1500 to 1600 acres. The latter figure can be considered as 
only tentative. The writer wishes to emphasize again that the evidence 
disclosed to date is so conflicting that it is impossible to predict with any 
certainty the productivity of any property or well. Each must be con- 
sidered as a semiwildcat. There are examples of wells producing several 
thousand barrels a day being offset by wells producing less than 100 bbl. a 
day. The reasons for this difference are as yet unknown. 

There is much speculation as to the probable recovery of crude oil per 
acre from this field. Because of the irregularities mentioned, this cannot 
be determined for any practical use. Taking one area, for example, in 
the eastern portion, it is estimated that for an average zone of 50 ft. of 
conglomerate, and one well to 10 acres, the ultimate recovery will be about 
22,000 barrels per acre, or approximately 440 bbl. per acre-foot for the net 
footage involved. Immediately adjacent to this area, several wells have 
been drilled from which the production is not sufficient to return the lift- 
ing costs. Of the approximately 1,920,000 bbl. of oil produced in the field 
to date, over 1,100,000 bbl. are attributed to four outstanding wells. 
This cumulative yield from the four wells represents about 58 per cent of 
the total production to date. In the western area, with fractures and fis- 
sures in the schist which have had a measured width as high as 0.35 in. 
and the solid portions have shown a porosity less than 10 per cent, the 
wells offer considerable speculation as to their ultimate recovery per acre. 


GRAVITY AND CHARACTER OF OIL 


The average gravity of oil in this field varies from 27° to 28°. The 
- analysis indicates about 1.5 per cent sulphur, and a gasoline content of 
28.6 per cent at 437° F. The crude also yields about 4.5 per cent of gas- 
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oil with a gravity of 31° and a sulphur content of about 1.08 per cent at 
the end point of 685°. Some samples have tested 58.6 per cent in fuel oil, 
the gravity of which is 16.5°. 


DRILLING AND PRopucTION METHODS 


The rotary method of drilling has been used exclusively throughout 
the field. The wells are drilled to a depth of 7200 to 7400 ft. in approxi- 
mately 50 to 60 days at a cost of about $70,000 to $80,000 per well, 
depending upon the type of casing program. One casing program 
is 133¢ in. at about 1100 ft., 854 in. on top of the oil zone and 65¢-in. liner 
in the zone. Another casing program is 1134 in. at 700 ft., 7 in. on top of 
the oil zone around 7200 ft. and a 414 or 5-in. perforated liner. 


SUMMARY 


1. The production in the eastern area of the field is confined to the 
conglomerate and schist conglomerate. Flowing wells to date have 
shown some tendency for counter drainage. Porosity test of conglomer- 
ate and sand samples indicates a porosity as high as 28 per cent. The 
recovery per acre will probably be low but will be found to be strictly 
dependent upon the thickness of the producing zone for any given well. 

2. In the western area the production seems to be confined mainly to 
fractured and fissured schist, in which the voids no doubt have been pro- 
moted through action of hydrothermal waters, faulting and fracturing. 
Tests on the solid schist samples indicate a porosity of 5 per cent or less, 
which eliminates such formation samples as a possible reservoir, confining 
the accumulation to the subsequently created voids and fissures. The 
high pressure and sustained production in the initial wells suggests that 
such fissures and faults either exist to considerable depth in order to pro- 
mote an adequate reservoir or that such fissures are being fed by an 
adjacent sedimentary reservoir as yet unrecognized. So far it is impossi- 
ble to predict the recovery per acre in this type of material. 

The character of the reservoir and the type of material seen in cores to 
date would suggest that proper well spacing and well control should be 
used to maintain adequate reservoir pressures and obtain the greatest 
recovery of oil. 
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Ten Section Field, Kern County, California 


By H. T. Wyarr* anp A. 8. Baprizt 
(Los Angeles Meeting, October, 1937) 


Tue Ten Section field is approximately 10 miles southwest of Bakers- 
field, Kern County, Calif. (Fig. 1). There is no surface evidence of the 
existence of the Ten Section structure, which subsurface exploration has 
shown to be a gently folded, anticlinal dome. Regionally, this field 
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occurs as a fold in the deeper beds of the gently rolling floor of the San 
Joaquin Valley. It is on the easterly slope of the valley, its position with 
relation to the axis of this syncline not having been determined. 

The field was discovered by Shell Oil Co. with the completion of well 
Stevens A-1, on June 2, 1936, at a depth of 7888 ft. The location for this 
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well was chosen as a result of geophysical prospecting. As a result of the 
discovery, a second well was drilled, which penetrated 1188 ft. of the 
so-called Stevens zone. This second well, KCL A-6-29, was drilled to a 
total depth of 8984 ft. and found oil and gas in the upper 614 ft. of the 
Stevens zone. Since the completion of this well, five additional wells 
have been drilled and development is proceeding steadily. The present 
potential of these seven wells is about 15,000 bbl. of oil per day, which is 
curtailed to about 3000 bbl. daily. 

Soon after discovery three outpost wells were drilled at locations 
approximately 114 miles to the north and 2 miles to the east of the dis- 
covery well. All were unproductive after having penetrated from 525 to 
740 ft. of the Stevens zone. 


STRATIGRAPHY AND LITHOLOGY 


The idealized column shown on Fig. 5 is illustrative of the present 
general, though tentative, conception of the field’s stratigraphy. Imme- 
diately beneath the surface alluvium there are approximately 900 ft. of 
loosely consolidated, fresh-water sands and gravels interspersed with 
occasional thin layers of clays and sandy silts. These beds probably 
represent either the Tulare formation or the Kern River series of the 
upper Pliocene. Below these there occurs approximately 6000 ft. of 
Pliocene deposits, which have not been classified. These beds may be 
equivalent to the Etchegoin formation. This portion of the section 
occurs aS a monotonous series of alternating claystones, siltstones and 
sands, which apparently are of fresh-water, brackish and marine origin. 

The uppermost portion of the Miocene is represented by the so-called 
brown shale, which is approximately 915 ft. thick. The Stevens zone, 
from which production is obtained in this field, is also of upper Miocene 
age and lies directly beneath the brown shale. This zone has not been 
definitely correlated with any of the established Miocene formations in 
this area. 

The layers that form approximately the top 6900 ft. of the section in 
this area are almost entirely composed of an alternating series of soft 
to firm claystones, siltstones, and loose to slightly consolidated, poorly 
cemented, easily friable sands. The uppermost beds of the Miocene (the 
brown shale) are composed of a series of uniformly deposited, dense, well 
indurated, generally well laminated, platy, dark brown shales. This 
member is characterized by numerous to abundant micro-organisms, 
pyritized diatoms, and resinous fish remains with occasional thinly 
bedded, dark brown chert streaks. 

The Stevens zone is made up of a series of sand beds separated by 
shale streaks. As is apparent from the idealized transverse section 
(Fig. 3), there is a noticeable irregularity in the thickness of the various 
sand and shale members comprising the Stevens zone. This lack of 
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uniform thickness is believed to be due to irregularity in depositional 
conditions. This belief is substantiated by common cross-bedding and 
irregular bedding in the sand members themselves, and in the shales. 

In general, the sands of the Stevens zone are moderately to fairly well 
cemented, compact, poorly to well sorted, medium-grained to slightly 
coarse in texture, and generally free from fine silt. The average porosity 
of the sands in the productive horizons is 16 per cent, the range varying 
from 12 to 20 per cent. Not enough data have been obtained to furnish 
a reliable index as to the permeability of these beds. 


STRUCTURE AND ACCUMULATION 


The structure illustrated on Fig. 2 is that of a gently folded, elongated 
anticlinal dome. An idealized transverse section crossing the field 
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approximately through the anticlinal culmination is presented on Fig. 3, 
which illustrates the steeper dip of the southwest flank as compared to 
the northeast. It should be realized that the structural picture offered 
in the accompanying plates is unavoidably distorted because it was neces- 
sary to use different scales for the horizontal and vertical distances. 
Along its longitudinal axis the structure has a gentler dip than on either 
flank. An idealized longitudinal section shown on Fig. 4 illustrates this 
profile. On this drawing a structural break southeast of the crest is 
postulated. The nature and exact position of this break is undetermined, 
only one well (A-58-29) having been drilled on the southeast side of 
the break. 
( As indicated by the generalized contours shown on Fig. 2, the maxi- 
mum closure in the southeast block has been assumed to be approximately 
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200 ft. Sufficient drilling has not yet been done to determine the maxi- 
mum closure in the northwest block, but it is believed to be more than 
500 feet. i 

The oil and gas accumulations in the Stevens zone, in the upper 
614 ft., at the crest of the structure, apparently are controlled entirely by 
the overlying impervious shale beds and the underlying bottom and edge 
water. Five separate sand intervals have been found to be oil-bearing. 
These sands and their approximate thicknesses are shown on Fig. 5b in 
conjunction with the generalized lithologic and electrical logs. 

Sand I was first penetrated 56 ft. in the discovery well. At this point 
the well produced at a maximum rate of 858 bbl. of oil daily, gravity 
60.4° A.P.I. and 13,656 M cu. ft. of gas per day. Recent coring and 
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production tests have indicated that while the gas-oil contact is approxi- 
mately horizontal, it is probably lower in sand I than is shown on Figs. 3 
and 4. Below the gas-oil contact in this and lower zones there exists a 
dark oil having an average gravity of approximately 35° A.P.I. The 
extent of the oil accumulation in sand I has not been determined and the 
limits shown on the accompanying drawings are arbitrary. 

In sand II, the oil-gas contact is nearly horizontal, and at the crest of 
the structure the contact occurs at about the mid-point of the sand body. 

Sand ITI, at the crest of the structure, is the thickest single sand body 
that occurs in the productive series. The gas cap in this sand is com- 
paratively small. Some of the more pronounced variations in irregular 
deposition in the Stevens zone are apparent in sands III and IV. 

Sand IV has never been separately tested. It was excluded from 
production in KCL A-6-29. In KCL A-34-29 it was tested simultaneously 
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with the upper portion of sand V, which was demonstrated to be 
water-bearing. Although the water-location test that disclosed the latter 
information did not evidence any water in sand IV, it cannot be said 
conclusively that the sand is not water-bearing at that location. How- 
ever, inspection of the cores and the electrical log revealed that sand IV 
in KCL A-78-30 was undoubtedly water-bearing. Thus such oil or gas 
as may exist in this sand will be confined to a limited area on the crest 
of the structure. 

Approximately 80 ft. of sand V was found to be oil-bearing, and after 
lower water-bearing sands were plugged 70 ft. of this zone was tested in 
KCL A-6-29. This interval produced 1535 bbl. clean oil daily, gravity 
34.3° A.P.I., and 1541 M cu. ft. gas. From this evidence, and from the 
data obtained from KCL A-34-29 and A-78-80, it is apparent that the oil 
accumulation in sand V has a very limited extent. 
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CoRRELATION MrErtTHOopS 


Two principal methods have been used in this field for making sub- 
surface correlations: (1) lithologic, (2) electrical logging. 

Lithologic correlations in the Stevens zone are made from cored sec- 
tions. Correlations by this method have proved to be reliable and are, in 
general, readily made. Lithologic correlation above the top of the 
Stevens zone has not been necessary for development purposes. 

The lithologic correlations all have been augmented and substantiated 
by correlation of electrical logs. It is the practice to record a complete 
log below the shoe of the surface water string. These logs are sufficiently 
uniform in general characteristics from well to well to show convincing 
and apparently reliable correlations throughout the entire section. 
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DEVELOPMENT PROCEDURE 


The practice has been to locate wells in such a manner as to determine 
as early as possible both the vertical and horizontal limits of the oil and 
gas accumulation, and to determine the general outline of the subsurface 
structure. This is being attained by locating wells along two lines that 
approximate the longitudinal and transverse axes. An early generalized 
conception of the subsurface structure has been formed, which will be 
augmented as to detail by the drilling of additional transverse sections. 
The detailed delineation of the subsurface structure and accumulations 
both down flank and along the plunges is considered necessary in view of 
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Fig. 5.—(a) GENERALIZED STRATIGRAPHIC COLUMN; (b) GENERALIZED ELECTRICAL LOG 
AND LITHOLOGIC COLUMN, STEVENS SAND ZONE. 


experience in other fields, which has shown that the accumulation down 
plunge is sometimes more extensive than the limits of accumulation along 
the generally steeper flanks opposite the crest would indicate. 

When drilling the first wells, the practice was to core through the 
oil-bearing formations into the underlying water-flooded sands to deter- 
mine the vertical limit of the oil accumulation. In these early wells the 
determination of the fluid content of the sands was made by drill stem 
and/or production tests. As experience was gained, it became possible 
to judge the fluid content of the sands solely by inspection of the cores. 
Thus, the present practice of determining the vertical limits of aecumula- 
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tion is confined to core inspection alone; drill-stem or production tests 
are made only in exceptional cases. 

All wells have been drilled with steam-operated, conventional rotary 
drilling equipment and the customary 136-ft. steel derricks. Drag bits 
are used for drilling all formations except the brown shale, which requires 
the use of rock bits. Coring is generally undertaken with wire-line core 
barrels. Wells are now drilled in less than two months, whereas six 
months was required for the drilling of the discovery well. 

The derricks and all surface equipment except the well-head connec- 
tions are removed upon completion of the wells, for use in later drilling. 

Two standard casing programs are employed; the first provides an 
extra string cemented so as to exclude the gas-bearing horizons from pro- 
duction; the second, which is employed in the structurally lower locations 
where gas-cap conditions are not encountered, merely provides for cement- 
ing a single water string above the main oil horizon. With the second 
program it is the practice to set 40 ft. of 16-in. stovepipe casing as a 
conductor and cement approximately 1000 ft. of either 1124 or 1034-in. 
slip-joint casing to shut off surface waters. At the top of the oil zone 
the hole is reduced to 75 in. and is carried to the final depth of the well 
before the 7-in. water string is cemented. The latter is cemented above 
the oil zone with sufficient cement to fill behind the casing for 1000 ft. or 
more. A 434-in. perforated aluminum liner is hung opposite the horizon 
to be produced. Aluminum liners are employed because of the rate of 
edge-water encroachment in the several sands, and it is desired to com- 
plete the early wells so that later intermediate cementations can be made 
as easily as possible. 


PRODUCTION PROCEDURE 


Figs. 3 and 4 show the position of the oil and gas accumulations as 
determined, or assumed, to date; that is, the oil-gas contact at a depth of 
approximately 7650 ft. below sea level and the oil-water contact approxi- 
mately 7950 ft. below sea level in the several productive horizons. Appar- 
ently oil and gas accumulated in this field without regard for natural 
barriers between the several productive sands. Development has shown, 
however, that there is no interconnection between the various sand 
members within the limits of the field. Therefore, while the conditions 
at the time of accumulation resulted in the oil-water and oil-gas contacts 
being at approximately the same level in all the sands, it can be expected 
that the effect of depletion by production will be variable. Consequently, 
the oil and gas accumulations in the separate sands must be treated 
individually for the purpose of exploitation. 

Gas-oil ratios typical of gas-cap conditions have been experienced in 
- several zones tested on the crest of the structure above the level of the 
oil-gas contact. Beneath the gas cap, oil is produced with a gas-oil ratio 


98 TEN SECTION FIELD, KERN COUNTY, CALIFORNIA 


of approximately 700 cu. ft. per barrel initially. This is believed to 
represent the normally saturated condition of the oil. 

It has been observed, from the brief history available, that the wells 
in the vicinity of the gas cap have a tendency to produce at increasingly 
greater gas-oil ratios. These increases are minimized by producing the 
structurally lower wells at a relatively higher rate than the up-struc- 
ture wells. 

Original bottom-hole pressures in this field are of the order of 3500 Ib. 
per sq. in. Although a total production of approximately 815,000 bbl. 
of oil and 4,750,000 M cu. ft. of gas have been produced, it has not been 
possible to observe any reduction in formation pressure. 

The aim of the present development and production policy, in addi- 
tion to determining the subsurface structure and limits of accumulation, is 
to avoid dissipation of gas and gas energy and to control the movement 
of the gas-oil and oil-water contacts. To do this may require the separate 
(or carefully segregated) exploitation of the several producing sands; also, 
the location of the wells in ‘‘rings” around the structure, at the optimum 
position between the oil-water and gas-oil contacts. 


—— 


Chapter III. Engineering Research 


The Origin of Petroleum 


By E. Brru* 
(Oklahoma City Meeting, October, 1937} 


Tus may be a most unnecessary paper—from what does crude oil 
come and how was it formed? Many people, inside and outside of the 
petroleum industry, believe that we have actually enough oil, and that 
we can easily produce very important products from this extremely 
valuable raw material. The writer believes, however, that the answer 
to this question concerning the parent material and the formation of oil 
is of broader interest, because it may be that from the answer to these 
problems it would be possible to get answers to other important indus- 
trial questions. Therefore, a study in this line seems to be justified, and 
the writer will submit some of the results which he has collected during 
more than ten years with many very capable collaborators, to whom his 
thanks may be expressed on this occasion. 


OLDER THEORIES 


There is no doubt that plants were the parent material of coals, but 
opinion is divided as to the parent material of crude oil and asphalts. 
One group of specialists believed that they were formed from dead fish. 
The hydrocarbons of crude oil were formed by the splitting off of COz2 
from fatty acids formed by the saponification of the fat (glycerides) of 
fish. Enormous quantities of crude oil are present in many places on the 
earth, very often in several nonconnected horizons at the same location. 
This could hardly be explained by the so-called ‘catastrophe theory,” 
which states that fish died through the entrance of salt water into fresh 
water, and vice versa. Furthermore, this theory cannot explain the 
presence of aromatic hydrocarbons, which can be found in nearly all oils, 
especially in the oil of the Netherlands Indies, which has more than 50 per 
cent of aromatics. Geological and chemical observations both lead to 
the belief that the temperature of formation of asphalt, crude oils and 
coals, perhaps with a few exceptions, did not exceed 200° C. Chloro- 
phyll and haemin derivatives, which decompose above 200° C., have been 
found in all these materials by Treibs and others. Thermodynamic 
considerations show that the temperature necessary for the conversion 


Manuscript received at the office of the Institute Oct. 29, 1937; revised March 7, 


1938. 
* Research Professor, Carnegie Institute of Technology, Pittsburgh, Pa. 


2) 


100 THE ORIGIN OF PETROLEUM 


of aliphatic hydrocarbons into aromatic hydrocarbons is certainly higher 
than 200° C. It is known that in industrial processes, which have to be 
carried out in rather short periods of time, conversion temperatures 
in the neighborhood of 600° to 800° C. are necessary to convert aliphatic 
hydrocarbons partly into aromatic hydrocarbons. 

Mendelejeff’s theory that oil hydrocarbons were formed from endo- 
thermic metal carbides and water has not found broad support. Many 
oils are optically active. They must, therefore, result from optically 
active material. The inorganic source mentioned above for crude oil 
could produce only optically inactive material. 

Concerning asphalt, there is the leading, or probably misleading, 
theory that all asphalts are formed by the oxidation of hydrocarbons. 
Asphalt can be found in practically all crude oils. It may be remembered 
that this country produces more than five million tons of asphalt per 
annum from the distillation of crude oil against 100,000 tons per annum 
of natural asphalt from Trinidad. It is known that natural asphalt has 
been discovered at depths of about 7000 to 8000 ft. It is hard to believe 
that under those conditions free oxygen could be present to oxidize and 
convert oxygen-free aliphatic hydrocarbons into phenolic compounds 
present in asphalts. The fact that asphalts are often found at the out- 
crops of oil fields finds its explanation in that higher temperature and pres- 
sure in the interior of the field accelerate the conversion of oxygen and 
sulphur-containing asphalts into oxygen and sulphur-free hydrocarbons. 


New THEORY 


In the following deductions we will prove that these older theories 
cannot be right. We will show that cellulose and other carbohydrates 
and similar products, like algin acids and pectic acids present in organic 
plant material such as seaweed and algae, can be transformed in the 
laboratory into asphaltlike materials under the conditions that may have 
prevailed during their formation in nature. We can prove that asphalts 
are the parent material of crude oil and that, through their transforma- 
tion, aliphatic hydrocarbons as well as aromatic and hydroaromatic 
hydrocarbons can be formed. We will show that a very simple way to 
form aromatic and naphthenic substances from aliphatic substances is 
the conversion of carbohydrates by chemical influence and moderate heat. 

There is no other material formed by nature in such enormous quan- 
tities as carbohydrates. Lippmann! gives the estimates shown in Table 1. 
There is no doubt that in former geological periods the carbon dioxide 
content of the atmosphere was much higher and that the growth of 
plants in view of the higher temperature all over the earth, even at the 
poles, was more intensive than it is today. If all the plants now growing 
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on the earth could be converted quantitatively into oil, only 214 years 
would be necessary to produce the actual known oil reserves. 


TaBLE 1.—Estimates of Carbohydrates (Lippmann) 


Carbohydrates ieee Ee 
WOnconbentsin a, SmOSPMOLe erase ae uaa ees de hele ices, a eps ei delat 6 <x 104 
C) Granaananh ay SOME a Gs Bir une ct see neers alee ele noe sn ae ae LOL 
Annual production of cellulose and other carbohydrates........... 0.03 X 10" 
ATAGEAUILCS Ree ete rT ele et eo eet amid eaters. Saran 4.2 X10" 
iL OMsuconl syonl phe ealtlicen chia se ii iee ke a eee eset 40 x 101 
PMMA OUSECOALSMIMEt He MUN Oar Ata geiciie ia 1acteo arom site taco eases sue rek suet 25 x 101! 
Mererrn hos ene atte coaster tiscns fois inet in chattels Si oe ena ae 15 x Oe 
AC UP TIE east cse ene MS eke ipsa ere shame sy @ aie. epele a 11 < 100 
(Heide OU. gs sola 4 wk Spe eb B ee ood Con we Comin ion 0.07 X 101% 
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DECOMPOSITION OF CARBOHYDRATES 


Heat Instability of Carbohydrates and Lignin.—It is known that carbo- 
hydrates of all kinds are very reactive substances. Dextrose, for 
instance, can be decomposed in more than 20 different ways. The 
carbohydrate content of plant debris that is covered by inorganic material, 
especially carbonates of calcium and magnesium, zeolites, and other sili- 
cates, can be decomposed by heat-treatment with the formation of water- 
soluble substances, which afterward undergo further geochemical changes 
and form crude oil. On the other hand, they may be converted into 
materials rich in carbon and rather poor in oxygen in such a manner that 
water-insoluble carbohydrates, like cellulose, pass only partly through a 
water-soluble stage. In such a way bituminous coals are formed. 

Using the so-called feather manometer test, we investigated the 
influence of rather high temperatures on different carbohydrates like 
sugars, cellulose and cellulose humic acids, and on lignin and lignin 
humic acids. Cellulose (we investigated ramie) shows a much higher 
stability than the lower carbohydrates. Experiments carried out in the 
absence of oxygen and in the presence of oxygen showed that with the 
latter the speed of reaction is increased more than 30 times. 

Cellulose humic acids show a remarkably higher heat stability than all 
carbohydrates, cellulose included. Lignin is more stable than cellulose 
humic acid. Both are less stable than lignin humic acid. At 270° C. 
cellulose humic acid gives a melted residue; lignin humic acid gives a 
sintered, and lignin, a nonsintered powder (Fig. 1). 

Decomposition of Carbohydrates, Lignin and Its Derivatives by Bacteria. 
The opponents of the cellulose (carbohydrate) theory defend the stand- 
point that during the decay of plants the carbohydrate content disappears 
and only lignin and its derivatives remain and that therefore views based 
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on the formation of coal and oil from carbohydrates cannot be true. 
This perception is certainly wrong. There is no doubt that in these 
earlier plants from which oil may have been derived very little lignin 
was present. 


4000 10000 


Time, minutes 
Fic. 1.—HEAT INSTABILITY OF CARBOHYDRATES AND LIGNIN. 


Water-soluble carbohydrates are strongly adsorbed by peat. The 
adsorbed sugar material may undergo further transformation reactions 
in sealed enclosures (Table 2). 


TaBLE 2.—Adsorption of Sugar Material 
0.50 Grams Dry Peat. ADSORPTION FROM 50 C.C. X Per Cent DEXTROSE SOLUTION 


X Per Cent Glucose Adsorbed, Adsorbed Glucose in Percentage 
Dextrose Solution Grams of Weight of Peat 
0.5 0.028 5.6 
1.0 0.046 9.2 
eas 0.06 12.0 
2.0 0.07 14.0 


In the beginning of the decay of plants covered with water and finely 
divided inorganic material like limestone, dolomite, clay, etc., which 
afterward form the mother rocks, a certain fermentation of carbohydrates 
may take place; but it is not true that under all conditions carbohydrates, 
especially cellulose, must disappear completely and more quickly through 
fermentation than lignin. It is known that some bacteria decompose 
lignin more quickly than cellulose. 

Another point that seems to be important is that the bacteria that 
ferment a given substance are soon arrested in their action by the end 
products of the fermentation, as in the fermentation of sugar. Therefore, 
it must be assumed that in the beginning of the decomposition of the 
decayed plants a certain action of bacteria takes place, but this action 
may come to a standstill long before the whole material has been decom- 
posed. Pure chemical reactions then follow, which are influenced by 
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temperature and time. It may be of some interest to note that the 
products of a bacterial action are nearly the same as those from a pure 
chemical decomposition. Carbohydrates, for example, can be easily 
decomposed, with the production of lactic acid by bacteria and also by 
simple chemical means. 

We have found the remarkable fact that certain bacteria that decom- 
pose cellulose rather quickly do not decompose cellulose humic acids 
and lignin humic acids, regardless of whether those bacteria are aerobic 
or anaerobic. This finding is important because it shows that after the 
transformation of carbohydrates into humic acids there is no further 
decomposition by bacteria. Those carbohydrate humic acids play a 
very important role as intermediate products between the carbohydrates, 
asphalt, and crude oil. 

The thermoinstability of carbohydrates probably somewhat parallels 
the ease of decomposition of carbohydrates by the action of the bacteria. 
Fructose, dextrose and maltose are much more easily fermented by 
bacteria than starch. Starch can be decomposed much more easily 
than cellulose. 

Decomposition of Carbohydrates and Lignin by Heat and Pressure.—We 
imitated geochemical conditions that existed during the formation of oil, 
asphalt and coals by studying the decomposition of cellulose and other 
carbohydrates and their derivatives, such as cellulose humic acid, and of 
lignin and lignin humic acid, under the influence of heat and pressure in 
neutral and alkaline medium. 

TaBLE 3.—Cellulose Heated at 250° C. in Closed Glass Vessels 


nn 


Vie yee Heating, Mia Product: Per Cent 
0.032 130 45.5 
0.1 130 53.0 
0.2 130 67.5 
0.207 130 68.0 
0.65 130 70.5 
0.654 72 67.5 


Geological conditions of the transformation process can be approxi- 
mated by putting the material to be treated in sealed glass capillaries, 
or in high-pressure bombs, so that the so-called charging density—in 
other words, the ratio between weight of solid material to volume—is 
high. In heating these capillaries or bombs at different temperatures 
(175° to 250° C.) from 2 hr. to several weeks, very interesting results, 
which show the great influence of pressure during this process, were 
found. ‘These experiments throw light for the first time on the influence 
of pressure on the process of oil and coal formation. This influence is 
illustrated by Table 3, which also shows that an increase in charging 
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density from 0.2 to 0.654 practically doubles the rate of decomposition. 
The same effect can be reached by increasing the temperature of decom- 
position 10° C. 

Further experiments were carried out in sealed and nonsealed glass 
capillaries (Table 4). In the closed capillary practically filled with 


TaBLeE 4.—Cellulose Heated Eighteen Days at 175° C. 


Sealed~capillary 0. i w..s 0a oe 55.2 per cent C corre- | Material has lost its fiber 
sponds to CeHs.6O3.09 | structure, is hard, dark, 
and brittle. Formation 
of tar. 
Nonsealed capillary............ 46.6 per cent C corre- | Material shows fiber struc- 
sponds to CsHo.6O4.55 | ture, lighter in color, no 
formation of tar. 


cellulose, the process of decomposition was advanced. The material 
under the high pressure of gases and vapors was strongly compressed. 
It had lost its fibrous structure and was hard and brittle. In the open 
capillary, where the decomposition took place without increased pressure, 
the material had not completely lost its fibrous structure under the 
conditions of our experiment. It was not as dark and no tar was found. 
Under the high pressure that exists in the sealed capillary or in the 
bomb, very important reactions take place. Through these reactions, 
secondary decomposition products are formed. Such experiments give 
more insight into the still unexplained formation of anthracite and 
graphite in nature. 

Geologists tell us. that oils and coals like anthracite are formed in 
places where very high pressure exists. Through complete sealing and 
the influence of the high pressure exerted, secondary products formed 
through the intramolecular change react further and form products 
higher in carbon and lower in bound oxygen. 

Influence of Alkali on Decomposition of Carbohydrates.—It is a remark- 
able fact that the heat decomposition of cellulose and other carbohydrates 
is strongly influenced by small amounts of alkali present at the beginning 
of the decomposition. Alkali does not change the coalification of lignin 
in any way except that very strong alkali splits some more methoxyl 
groups from the lignin molecule. The explanation of this remarkable 
influence of alkali may be seen in the fact that it forms nonreducing 
saccharin acidlike material from water-soluble carbohydrates (Fig. 2). 
With this alkali treatment the copper number of the solution is decreased 
very strongly. When saccharinic acid is coalified a semiliquid, ether- 
soluble material called ‘‘protoproduct”’ is obtained, which is identical 
with the bitumen of bituminous coals. 

In nature, alkaline reactions can be produced very easily. The 
pH values of watery alkaline solutions of different rock materials are as 
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follows: Limestone, 9.6; magnesium carbonate, 9.9; dolomite, 9.6; 
sodium permutite, 9.7; calcium permutite, 9.2 to 8.5; zeolite, 8.9; trass, 
8.8. The reaction of water in contact with plant material, especially in 
the first stages of decomposition, is very important. The reaction of the 
rock strata plays, therefore, a great role, not only in the formation of 
asphalts and oils, but also in the formation of coals. Geologists agree 
that limestone, dolomite, and zeolites are the most important matrix for 
oils, asphalt and coal. 

We have observed that by increasing the ratio of alkali to cellulose 
(not the strength of the alkali), the amount of solid substances rich in 
carbon formed from cellulose is greatly decreased. If a certain alkali 
ratio is reached, bitumen alone results, which is completely soluble in 
organic solvents like acetone. 

Therefore, starting with fibrous cellulose, the following reactions 
occur: heat alone carbonizes the fiber without the formation of large 


CH,OH CH,OH CH>OH CH 
Nl 

CHOH CHOH CHOH HOH 
CHOH CHOH CH COOH 
| -CH; | 2cH,0H CH,OH 
CHOH ec Co 

l | OH OH CH> 
CHOH COOH COOH OOH 
é: 3) 

<x 

Glucose Saccharinic acids Lactic acids 


Fig. 2.—INFLUENCE OF ALKALI. 


amounts of soluble material; heat and water transform the material in 
partly water-soluble, partly insoluble material, which, upon further 
decomposition, gives residual coal and volatile bitumen. Small amounts 
of alkali reduce the amount of residual coal and form less volatile bitumen. 
Both actions form bituminous coals, giving either sandy or hard coke 
(Table 5). Rather large amounts of alkali suppress the formation of 
residual coal and form exclusively protoproduct identical with bitumen 
(Table 6). 


PROTOPRODUCT 


The protoproducts that contain about 78 per cent C, 12 per cent Hae, 
10 per cent Oz can be made in the laboratory very easily by heat decom- 
position of carbohydrates in the presence of enough limestone, dolomite, 
magnesite or zeolite. Produced at lower temperatures, they contain 
less carbon and more oxygen than when produced at higher temperatures 
where they are more fluid. The same products can be obtained from 
cellulose humic acids. They contain about 30 per cent phenol carboxyl 
- acids, 4.5 per cent phenols, and 63.5 per cent of neutral substances. 
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We believe that the protoproducts are the parent materials for 
asphalt and for crude oil. These protoproducts can be fractionated 
by vacuum distillation. The fractions contain phenols and neutral 
substances. They are fluid at first but in contact with air they become 
more viscous and form a kind of asphaltlike material. They have a light 
color which becomes darker and finally black when the material is in 
contact with oxygen. About 57 per cent of the carbon content of the 
cellulose can be converted into these protoproducts. The protoproducts 
can also be obtained very easily from cellulose humic acids without 
addition of alkali. 


TaBLE 5.—Formation of Coal 


Final 
Original Material Material Added —_| Figst Heating) Goalifca” | Final Product 
perature 
1. Cellulose cies innit H20 220° 320-340° |S = noncoking 
coal 

2) Cellulose: 3. = amenmen teste ae Little alkali 220° 340° C = coking coal 

Si: Cellulose. ii... be ct ean H20 250° or more | 340° Ss 

A; Cellulose .,.j2:i5)- triste sek Alkali 250° or more | 340° Ss 

5:7 Gellulose. 147 Acid liquid from No. 2 340° Cc 

after heating to 220° 

6. Hydrocellulose from No. 2.| HO 340° 8s 

7. Hydrocellulose from No. 2.| Alkali 340° Cc 

8. Hydrocellulose from No. 3.| H20 340° s 

9. Hydrocellulose from No. 3.| Alkali 340° Ss 
10: Cellulose.\.\.c.c5 sete Saccharinic acid 220° 340° Cc 
11) ‘Cellulose. (i eene nite Saccharinic acid 250° 340° Cc 
12. Coal from Nos. 3, 4, 6, 8,9.| Bitumen (Table 6) 340° Cc 
13. Cellulose humic acid...... Cellulose, H20 340° Cc 

14. Cellulose humie acid...... Coal from Nos. 1, 3, 4, 340° Cc 

6, 8, 9 
15. Hydrocellulose from Nos. 
DEB ca aasees «terete mia ates Saccharinic acid 340° Cc 
16. Coal from Nos. 1, 3, 4, 6, 8, 
Dx ieree conus bai aiae ap eae Saccharinic acid 340° Cc 

T7Collulose), A, 56 oc ce cent Lactic acid 340° C strongly bloated 
18. Lignin humic acids........ H20 340° 8 
19. Lignin humic acids........ Alkali 340° Ss 
20 TC OUGIOBE s Grn ete. cxctetese Pete 44N, HCl 340° Cc 
OT Caltulosa;sawt <ainctole as H20, Fe(OH): 340° Ss 
2 COMULORR sates arie eine H20, Cr203 340° s 
28; CalIGIOBO Stes aioe pete hee H202 340° Ss} 


CRACKING AND HyDROGENATION OF PRoTOPRODUCTS 


In nature during long geological periods and through the influence of 
mother rocks, carbohydrates are changed into protoproduct by a kind of 
intramolecular combustion, with the formation of carbon dioxide, water, 
methane and homologues. 

We can consider an internal, or intramolecular, combustion as a kind 
of Canizzaro reaction. The carbohydrates that are aldehydes decompose 
into carbonic acid and water on one hand, and into oxygen-free hydro- 
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carbons on the other. The simplest way to represent this kind of reac- 
tion could be expressed by the equation: 


CeHi00s = 2COz2 + HO + Css 
The process which really forms oxygen-free hydrocarbons from oxygen- 


TABLE 6.—Formation of Protoproduct 


Original Material Material Added Loaeetre et gayi t oo 
24. Cellulose...................] Comparatively large} 250-330 | B viscous 
amounts alkali re- 
acting material, as 
CaCO;:, dolomite, 
NH,OH, NH,SH 
Open @ellulosen, tyaneos otc ae ok he FeS 300-340 | B viscous on 
heating 
2Ges Cellulose hagecn tse ne ee es he FeS 210-230 | B viscous on 
heating 
27. Cellulose. betes eee etnies FeCO; 210-230 |B viscous on 
heating 
J pee MON UIOSC eet ane ces scat eiecue ous & Permutite 300-350 |B viscous on 
heating 
20= Gelluloseretisen © athe hee Basic rocks 300-350 | B viscous on 
heating 
SO Cellulose sais weariene «uss see so = H.O, Fe(OH)» 300-330 | B viscous on 
heating 
Sie COMMGOSG cries ces g, fers ook eos suelo oe H.0, MnO, 315-330 |B viscous on 
heating 
See Cellulose acc s. credo! svecseae anes H,0, Ni-acetate 315-320 |B viscous on 
heating 
33. Cellulose humic acids........ H.O 340 B viscous on 
heating 
34. Saccharinic acid............. H:0 340 B viscous on 
heating 
Bo ACtiGrAClC cc anes Domains os H,0 340 B viscous on 
heating 


US ee ee SS 


containing carbohydrates is much more complicated than this equa- 
tion expresses. 

By cracking such protoproducts at 110 atmospheres and 400° C., 
a material nearly free of oxygen can be obtained. Fig. 3 shows the 
boiling curve. There is no doubt that these rather reactive mixtures 
undergo the same changes at lower temperatures but during longer time 
intervals. We have to assume that the natural formation of oil took 
place at rather great depths. Under the influence of somewhat higher 
temperatures, the reaction yields hydrocarbons and asphaltlike residues, 
which probably may be found in depths that have not as yet been reached. 
When the protoproduct is vacuum-distilled, such asphaltlike residues 
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Table 7 shows the qualities of this asphalt made from cellulose 
compared with natural asphalt. Both 
materials seem to be of the same nature. 

By the hydrogenation of these proto- 
products, material that is identical with 
natural mineral oil is obtained. Table 8 
shows the identity of these two kinds of 
products. 

Tables 9 and 10 show that the lower 
boiling hydrocarbons contain aliphatic 
substances, some naphthenes, and a 
small amount of aromatics and olefines, 
while the higher boiling fractions con- 


remain. 


4) 10 20 30 40 50 60 70 80 90 100 


Per cent 


Fic. 3.—BoILING CURVE OF 


PROTOPRODUCTS. 


We also obtained solid paraffin. 


tain more aromatic substances. 


Pure hexane was isolated from this 


in Table 11. 


artificial and for natural paraffins. 


hydrogenation product, as may be seen 


Table 11 shows the data for the 


TABLE 7.—Comparison of Asphalts 


Natural Asphalts 


Asphalt Produced 
from Cellulose 


Glossy black-brown-black 


APPEATANCE ics neces Dull brown black to glossy 

black on rubbing 
BYracturerty.. tras ay vote ee Conchoidal Conchoidal 
Hardness..........:......-{1-3 (Mohs) 2 
Sottenine polltnr se eee 30-90° 60° 
Specific gravity............ 1.05-1.30 1.156 


Soin vilinvaks sawaieec a sean on Easily soluble in CS2, CCly, | Easily soluble in C2H2Cl,, 
CoHe CCl, CS: 
Sparingly soluble in ace-|Sparingly soluble in ace- 
tone, ether tone, ether 
Extraction: 
Petrol ether... ..5..... Malthene 50-75 per cent | 63.8 per cent 
CS8:.. .| Carbene 1-2 per cent 7.5 per cent 
(COLO ae caw hh ie he Asphaltene 1-17 per cent | 20 per cent 
PPO UNC eG Pe eae e Nonbituminous Brown-black 


Elementary analysis........ 


Fluorescence: .tass).3 6. ose 


86.3 per cent C, 9.3 per 
cent H.0, 3.4 per cent Oz, 
0.8 per cent S, 0.2 per 
cent Nz 

In acetone: brown fluores- 
cent 


89 per cent C, 7.7 per cent 
H:, 3.3 per cent O2 


Yellowish brownish green 
fluorescent 


HYDROGENATION IN NATURE 


If hydrogenation reactions really occur in nature, the question of 
what the source of these hydrogenating substances may be has to be 


a 
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answered. We know that iron compounds can be found in oil strata. 
Bivalent iron can react, as we have shown, with oxygen-containing proto- 


TABLE 8.—Natural and Artificial Mineral Oil 


Property Natural Mineral Oil Pao aetie b he t) 
COLOT ee ete Roe See tne ba Brown fluorescent Brown fluorescent; green 
; to reddish brown 
Olefine content.............| Small, increases with in- | Small, increases with in- 
creasing boiling point creasing boiling point 
Aromatic content........%. Increases in higher boiling | Increases in higher boiling 
fractions fractions 
Pennsylvania Moreni | Up to 100° C. 10 per cent 
Per Cent Per Cent 


Gasoline, 5.5 11 100°-150° C. 22 per cent 
Kerosene, 13.0 39 Up to 100° C. at 16 mm., 
Gas oil, 41.0 82 48-61 per cent 
Naphthene content......... Maximum at 122°-150° C. | Maximum 100°-150° C. 
(Sacchanen Wirabianz) 
Aliphatic content........... Maximum in lower boiling | Maximum in lower boiling 
fractions fractions 


TaBLE 9.—Constituents of Hydrocarbons 


| Percentage 


A Percentage 
Specific of Aroma- | Percentage | Percentage 
Oil Weight | of Qlefine | “ticaby | of Alipha- | of Naph- 
y Cone. H2SOs tics thenes 


at20° C; 
Cent H2S0O4 ad Ps0% 


Fraction up to: 


LOO se Cover art ciaieereeee = = 0.716 1.12 9.8 63 26.08 
100°—150° Cs. o.0.c<6ice~)| (OBL 2.0 21.25 46.4 30.35 
LOOSE Creat LO; .consye ts 0.871 8.0 48.2 


eee eee ee 


TaBLE 10.—Constituents of Hydrocarbons 


es Reid vie ee 
pecl Cc stituents by b -h d. Tam- : 
Oil Weight at |10PerCent| analysis, Ber cent | stgme Hi: 
Per Cent atoms C 
Fraction up to: C H 
OO gu taetercte Bt a Saas 0.7059 2.8 85.63 14,26 2.00 
LOOSE 150 oe Crete ae le Ok. CLOo 2.4 86.20 13.61 1.9 
100° Cyat L6mm:. 2. ck. 0.8671 7.2 85.19 12.00 1.69 
100°-150° C. at 16 mm...} 0.9602 32.0 87.76 10.09 1.38 
200% CaatelG.mms >. 0 0.9950 32.0 88.63 9.77 1.32 


ed 
products with the formation of carbon dioxide and of organic material 
poor in oxygen. It also appears possible that hydrogen sulphide that 
may have been formed from gypsum acts as a hydrogenating substance, 
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with the formation of sulphur, which, in fact, is often found in the 
neighborhood of oil. 


TaBLE 11.—Artificial and Natural Paraffins 


Artificial from Natural from 
Hexane Carbohydrates Gasoline 
Boiling point, deg. Cie. ec ee eee ee 68-70 69 
Heat of-combustion; ¢al.2 onc. i) ee 2 meer erent 11.650 11.520 - 
Molecularzweightic-., S.giesese gon de oe tee 88.3 86.1 
Paraitiy Artificial from Natural from 
Carbohydrates Crude Oil 
Melting point; degi@ es caasce cna cts serrata ae 50.5 51.0 
Molécular-weight. sie 2.carschac ate ae ee eee 345.7 338.4 
Garbon, per centin Par teienac-cisthe sclo cies Reenter 84.77 85.10 
Hydrogen, pericent sn. ae..2.. is eos cee ener 15.74 14.89 


CRACKING AND HYDROGENATION OF NATURAL ASPHALTS 


We subjected natural Trinidad asphalt to the processes of cracking 
and hydrogenation, and obtained exactly the same end products as from 
the same operation applied to protoproducts. We also found that the 
low boiling hydrocarbons were aliphatic and the higher boiling hydro- 
carbons were aromatic (Table 12). 


TasBLE 12.—Hnd Products 


Fraction s S, Per Cent? jest Aromatics | Naphthenes| Aliphatics 
20°-105° C..... 1:2.48-2.0 | 0 0-1.6 0-12 0—-23.3}) 100-63.1 
106°=Tb0%ec8 1:1.94-1.77) 0 2.2-3.5| 19-32 /28.6-12.0/35.4-50.2 
151 =280°% ae 1:1.74-1.62) 0.1-0.09) 3.5 34-44 |12.0—- 0.0/57.8-52.1 
231°=300°.......% USL b6 0.22 3.6 50 0) 45.4 
Over 300°....... 1:1.40 0.51 30 50 


* § in original asphalt, 4.15 per cent. 


The hydrogenation products give some insight into the chemical 
nature of asphalts. It must be assumed that asphalts consist of aromatic 
nuclei with large aliphatic side chains. Through hydrogenation, a 
splitting off of these aliphatic side chains occurs. This is based on the 
fact that in the hydrogenated products a series of homologues of aliphatic 
hydrocarbons beginning with CH, and including Ci2:He. have been 
found (Fig. 4). 

It seems important that practically all oils contain asphalts. Those 
asphalts are the incompletely transformed parent substances of crude oil. 
It is not justifiable to say that asphalts that contain large amounts of 
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aromatic substances have been formed by the mild oxidation of aliphatic 
saturated hydrocarbons of crude oil at low temperatures. Thermo- 
dynamic reasons are against such an assumption. These asphalts were 
present from the beginning and were not completely transformed into 
oil, and afterwards only incompletely adsorbed by the mother rocks 
during the formation and the migration of the oil. 

It may be mentioned that a material known as jet is in near relation- 
ship to our protoproduct. 


Optican ACTIVITY OF CARBOHYDRATES AND CRUDE OILS 


Cellulose and other carbohydrates are optically active. Therefore, 
their derivatives can also be optically active. This corresponds with 
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Fic. 4.—HypDROCARBONS FROM HYDROGENATION OF TRINIDAD ASPHALT. 


the optical activity of certain oils, which may be due also to the presence 
of optically active cholesterin derivatives. 


RELATIONSHIP BETWEEN PARENT MATERIAL AND END PRODUCTS 


Fig. 5 shows how all of the substances derived from carbohydrates 
can be put in a Gibbs triangle. The positions of cellulose, lignin, cellulose 
humic acids and lignin humic acids are indicated. From cellulose, or 
cellulose humic acids, the protoproduct can be obtained by splitting off 
carbon dioxide, water and lower hydrocarbons. The protoproduct in its 
composition is near the asphalts. The asphalts have about the same 
carbon content as different coals but have a lower oxygen content. 
From these asphalts it is a short distance to the oxygen-free hydro- 
carbons of different composition. 

Through a combined cracking-hydrogenation process, it is possible to 
obtain substances from bituminous coal, which, in their composition, 
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are not very far from crude oil because they were formed from the same 
parent material—carbohydrates—but in a somewhat different geo- 
chemical process. 


Heat DEVELOPMENT FROM THE DECOMPOSITION OF CARBOHYDRATES 
AND LIGNIN ; 


It is not without interest to calculate what temperature would be 
reached if cellulose were transformed into oil or into coal with about 


Coal bard. C_Graphite 


semmadttoroctte. A Cntr (Colt 
emian. ye i 

Skatle ed 90 T->8 Asphalts 
&ituminous coal-- in Hen 


Polyases, Cellu- 
g Os). (2 Starch.ete 
~Ci2He2 Oy (Bioses) 


TO ie aa ee RAT ee 


Fic. 5.—GiIsBs TRIANGLE OF SUBSTANCES DERIVED FROM CARBOHYDRATES. 


85 per cent carbon content. This reaction, which forms carbon dioxide, 
water and methane, is strongly exothermic. It has been calculated 
that a temperature of about 1200° to 1400° C. would be reached if the 
heat formed could not escape. For lignin coals an increase of only about 
20° C. can be calculated. It is known that in certain localities, for 
example in coal mines, the-temperature gradient is much higher than 
normal. Normally the temperature rises about 1° C. for about 33 yd. of 
depth. In certain oil fields and coal mines the same increase in tempera- 
ture can be observed for only 16.5, or 22 yd. increased depths. We need 
not believe that the formation of oil and bituminous coals required many 
millions of years. We can assume that a kind of autocatalytic reaction 
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took place, with a certain incubation period followed by a rather quick 
reaction (Fig. 6). 


Roxie or THE MATRIX IN THE FORMATION OF CRUDE OIL AND COALS 


The role of the matrix for the formation and transformation of oil 
hydrocarbons is of the greatest importance. The fact that very little 
unsaturated hydrocarbon can be found in crude oils can be explained 
by the action of the mother rocks. Considering any parent material 
whatsoever, it may be assumed that unsaturated substances are formed 
during its transformation into oil. A condensation of these unsaturated 
compounds takes place with the formation, for example, of naphthenic 
hydrocarbons. This may occur because of the influence of the adsorbing 
matrix, and perhaps, of certain catalyzing substances like vanadium com- 
pounds, which can be found very often in the plants that were the parent 
material. Similar condensation reactions take place in contact with the 
mother rocks during the migration of the oil. 


Rate of coal formation 


Time 
Fig. 6.—RATE OF FORMATION OF COAL. 

There is no doubt that in nature the formation of crude oil from parent 
material through intermediary substances is still going on. In rather 
great depths we certainly may find semisolid and highly viscous liquid 
material in a stage of transformation. After having reached a lower 
viscosity through the process of internal combustion, and through the 
splitting off of aliphatic side chains from aromatic nuclei, a migration 
can take place whereby certain substances of high molecular weight, 
especially with phenol qualities, may be strongly adsorbed by the 
mother rocks. 

The formation of crude oil, which is a hydrophobic material, in orig- 
inally hydrophil mother rocks (limestone, etc.) isremarkable. It may be 
explained by the fact that the hydrophil mother rocks were easily wetted 
by watery solutions of carbohydrates, which afterwards were transformed 
into hydrophobic material containing some wetting material like phenols. 
This wetting effect by phenols and phenol carbonic acids seems to be 
- important. for the migration of largely hydrophobic liquids through 
hydrophilic material. 
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CHEMICAL DECOMPOSITION OF CARBOHYDRATES 


Furan derivatives can easily be formed from carbohydrates (scheme a, 
Fig. 7). We must consider the fact that the formation of aromatic sub- 
stances at low temperature must be explained. These aromatic sub- 
stances are present in crude oils, in asphalts, and in bituminous coal. 
The difference in the content of aromatics and naphthenes in different 
oils may be explained by the adsorbing and condensing role of mother 
rocks. Fig. 7 shows that carbohydrates can be converted into aliphatic 
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Fig. 7.—DERIVATIVES OF CARBOHYDRATES. 


material (scheme c) and aromatic substances (scheme b). These aro- 
matic substances, like phenols, can be formed easily at low temperatures 
according to scheme b. By the complete splitting off of water, and 
according to scheme d, a graphitelike material (type 1) could be formed 
from the carbohydrates. Some hydroxyl groups and other similar 
groups, like carboxyl groups, may be found in this graphitelike material, 
which is present in wood charcoal. Hydrogenation of material of this 
kind gives methane, which can always be observed in the hydrogenation 
of natural coals. The dehydration can take place also with the formation 
of a kind of phenolic anhydrides and naphthenic compounds with oxygen 
bridges, and aliphatic side chains, as may be seen in type 2, Fig. 7. We 
may assume that natural coal is a combination of this graphitelike type 1 
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and the diphenyl oxide type 2 with long aliphatic side chains.* This 
gives natural coal a structure that resembles that of Bakelite. We know 
from our experiments that Bakelite, which is extremely resistant to all 
acid and alkaline influence, can easily be hydrogenated, and will form 
aromatic hydrocarbons and phenols. 

Crude oil contains deoxidized aromatic and hydroaromatic material 
(types 2 and 2a) with aliphatic side chains. 


RELATIONSHIP BETWEEN PARENT MATERIAL, INTERMEDIATE, AND END 
PRODUCTS 


Fig. 8 shows a kind of family tree, which combines our views concern- 
ing the formation of oils, asphalts and natural gas, and of fuseins, lignites 
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Fig. 8.—ORIGIN OF COALS, OIL, ASPHALT AND NATURAL GAS. 


and bituminous coals. Water-soluble carbohydrates were formed from 
the plant body. Under certain conditions they were separated from the 
original plant material. They could sink into greater depths. Under 
the influence of alkaline-acting mother rocks, this material could be 
transformed into protoproducts, asphalts, and finally into crude oil. 
We see that lignites and fuseins are derivatives of lignin, and that bitu- 
minous coals giving sandy or hard coke are formed from carbohydrates 


according to geochemical conditions in nature. 
egestas se eee 
* Besides the benzene ring compounds, compounds with several rings and side 


chains may be formed. 
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There is a possibility that several sources for oil may be considered. 
For statistical, chemical and geological reasons, we believe that our 
theory, which is based on experiment—namely, that carbohydrates and 
derivatives thereof are the chief parent material for asphalts and crude 
oils—should be given primary consideration. This theory has the great 
advantage that all chemical and physical facts can be easily explained, 
which is not true of theories like the Warren-Engler theory—that dead 
fish formed the parent material for these substances. 

Through adsorption phenomena, large amounts of oil remain in the 
cavities and capillaries of the oil-bearing sands. Improved methods will 
help to win a large part of these important quantities, which certainly 
are much greater than the amounts of oil that have been extracted. It is 
hoped that new oil fields will be discovered. Besides the hydrogenation 
of coal and of carbon monoxide, and the oil procured from oil shales, 
there is now a possibility of producing oil from all kinds of carbohydrates, 
which nature puts at our disposal in enormous quantities, especially in 
the hot climates. 


DISCUSSION 
(R. L. Huntington presiding) 


P. Weaver,* Houston, Texas (written discussion).—On the second page, Dr. Berl 
says: ‘‘We will show that cellulose and other carbohydrates and similar products, 
like algin acids and pectic acids present in organic plant material such as seaweed and 
algae, can be transformed in the laboratory into asphaltlike materials under the condi- 
tions that may have prevailed during their formation, in nature.””’ The paragraph 
containing this sentence is headed ‘‘New Theory.”’ I wish to direct attention to the 
fact that in the Journal of the Institution of Petroleum Technologists (February, 
1932, vol. 18) there is a paper by J. E. Hackford entitled ‘‘The Chemistry of 
the Conversion of Algae into Bitumen and Petroleum and of the Fucosite-Petro- 
leum Cycle.’”’ On page 114 of this article, under ‘‘Summary,” there is the follow- 
ing statement: 

“Tt has been shown that:—(1) Oil and bitumen are products resultant upon the 
prolonged acid hydrolysis of algae at low temperatures. (2) Oil and bitumen can be 
produced by the acid hydrolysis of the decomposition products of algae, e.g., the sugars 
and the calcium salts of the ethereal sulphonic esters. (3) By the acid hydrolysis of 
algae a bitumen is produced—algarite—similar in properties to the naturally occurring 
bitumen McKittrite.” 

It would seem, therefore, that it is scarcely correct to use a heading in Dr. Berl’s 
paper indicating that it is an entirely new theory, because even before Hackford 
evidence of a similar sort had been presented regarding the formation of bitumens 
from algae. 

Dr. Berl very interestingly comments upon the importance of the inorganic matter 
in which the organic matter is deposited and metamorphosed. 

In connection with the possible source of oil from algae, it is just to stress that 
many limestones in which oil is now found, and which were considered to be possible 
mother rocks for oil themselves, show evidence of having been formed very largely 
through the agency of algae, possibly more than any other rock-building organism, 


* Geologist, Gulf Oil Corporation. 
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and comment from Dr. Berl as to the relative importance of limestones in the trans- 
formation of original organic matter to proto-bitumen would be very instructive. 

On pages 110 and 111, Dr. Berl makes a statement regarding asphalt in oil. It has, 
however, been demonstrated that asphalts can be formed in the laboratory by diges- 
tion with oxygen or sulphur at low temperatures with the formation of mercaptans, and 
possibly with the formation of other close-chain compounds, even when the original 
oil contained a very small amount of aromatic hydrocarbons. 

I believe that Hackford has investigated this subject but I have not been able 
to find any publications by him giving the results of his experiments. Perhaps Dr. 
Berl can supply the references and can comment on that phase. The point I wish 
to have Dr. Berl study is whether it is quite correct to say that all of the asphalts in 
crude oil are primary, and whether he will not admit the possibility of formation of 
asphalts by the effect of oxygen and sulphur on aliphatics or on oils containing a small 
amount of naphthenes or aromatics. 


E. Beru (written discussion).—I know the work of Mr. J. E. Hackford very well. 
My chief objection to this very interesting work is that it has been carried out under 
conditions that probably did not exist during the formation of oil. Furthermore, in 
London, where Mr. Hackford submitted his results before the oil technologists in 
January 1932, the objection was made that his oils were not very well characterized. 
There is practically no analysis of his products given and no physical data can be 
found. The objection has also been made whether large amounts of free sulphuric acid, 
which are necessary for his reaction, can be found in nature. 

Our experiments are carried out under geochemically possible conditions. Only 
the temperature had to be raised to obtain higher transformation speeds. The result- 
ing products are carefully analyzed and their properties described. 

I do not know the experimental work mentioned by Mr. Weaver concerning the 
formation of asphalts with oxygen and sulphur at low temperatures from aliphatic 
hydrocarbons. According to Table 16, the asphalts contain large amounts of aromatic 
substances, especially of phenolic character. They cannot be formed at low tempera- 
ture through the action of sulphur or oxygen on aliphatic hydrocarbons. 

I realize that my standpoint concerning the relationship between asphalts and 
oils will find resistance, but I have no doubt that the asphalts are the parent material 
of oil and that they are not derived from aliphatic oil hydrocarbons by a treatment 
of these hydrocarbons with oxygen or sulphur at low temperature. Starting from 
carbohydrates with a treatment with CaS, sulphur-containing substances can easily 
be obtained that have asphaltlike properties. The sulphur is bound in this in phenol- 
like form. 


Effect of Pressure upon Viscosity of Methane and 
Two Natural Gases 


By B. H. Sace* anp W. N. Lacry* 
(Los Angeles and Oklahoma City Meetings, October, 1937) 


In recent years there has been an increase of interest in the flow of 
gases at relatively high pressures. Hydrodynamic calculation of the 
energy losses in the flow of gases in conduits, as well as through the 
porous solid materials constituting natural petroleum reservoirs, requires 
a knowledge of the viscosity of the fluid at the pressure and temperature 
involved. Although there are numerous publications concerning the 
absolute viscosity{ of hydrocarbon gases at atmospheric pressure, 
there appears to be little information available relating to the effect of 
pressure upon the viscosity of these gases. 

Vogel** determined the viscosity of methane at 32° F. and atmospheric 
pressure. His measurements at 32° F. were later substantiated by the 
measurements of Rankine and Smith®® at 63° and 212° F. Ishida™ 
also reported values for the viscosity of methane at atmospheric pressure. 
Trautz and Kurz*®® measured the viscosity of propane at atmospheric 
pressure, from 83° to 530° F., by the use of a short capillary tube. Rap- 
penecker?! determined the viscosity of gaseous isopentane at elevated 
temperatures. Day® made an accurate investigation of the effect of 
pressure upon the viscosity of n-pentane and isopentane at pressures from 
2 lb. per sq. in.{ to the vapor pressure at 77° F. (approximately 9.8 
and 13.3 lb. per sq. in., respectively). Earhart’ reported data upon 
the viscosity of several natural gases measured by the long capillary- 
tube method. 

The viscosity of air, at atmospheric pressure and 73.4° F., was 
measured by Harrington® by the rotating-cylinder method. Kellstrom' 
has recently made an elaborate investigation of the viscosity of air at 
atmospheric pressure. The latter work is perhaps the most accurate 
investigation of the viscosity of a gas that has been made. 

Manuscript received at the office of the Institute July 16, 1937; revised March 29, 
1938. 

* California Institute of Technology, Pasadena, Calif. 

} All the values of viscosity reported in this paper are absolute viscosities, and 
are given in terms of the poise, which is a ¢.g.s. unit. It is realized that this is incon- 
sistent with the other units, but was employed because of the nearly universal use of 
the poise for such purposes in engineering literature. 

33 References are given at the end of the paper. 


t All pressures reported in this paper are absolute and are expressed in pounds 
per square inch, 
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Nasini and Pastonesi” recently investigated the effect of pressure on 
the viscosity of air at 57.2° F. (14° C.). These measurements were made 
by means of a modification of the capillary-tube method. In general 
they appear to be of reasonable precision and afford the only data avail- 
able to the authors concerning the effect of pressure upon the viscosity of 
air. Boyd? measured the effect of pressure upon the viscosity of nitrogen 
and hydrogen at several temperatures at pressures as high as 2500 lb. 
per square inch. 

Phillips’ determined the viscosity of carbon dioxide as a function of 
pressure and temperature throughout the critical region. This work 
utilized an apparatus similar to that employed by Nasini and Pastonesi” 
in their more recent work upon air. Phillips’ measurements indicated a 
rather large increase in viscosity with pressure, especially in the neighbor- 
hood of the critical state. At low pressures, however, the viscosity 
pressure coefficient of carbon dioxide does not appear to be greatly 
different from that of air or nitrogen. Stakelbeck?* determined the vis- 
cosity of gaseous carbon dioxide and included measurements in the range 
of temperatures and pressures covered by Phillips.’ These two sets of 
data show satisfactory agreement in regard to the effect of pressure at 
pressures below 500 Ib. per sq. in. but Stakelbeck found a somewhat 
lower value of the atmospheric viscosity (3 per cent) than was reported 
by Phillips. The agreement of these two sets of determinations gives 
some confidence in the existing information concerning the effect of pres- 
sure upon the viscosity of carbon dioxide. 

Hawkins” and co-workers recently investigated the effect of pressure 
and temperature upon the viscosity of superheated steam. They 
employed an apparatus similar in principle to that utilized by the authors 
in the present investigation. Their measurements, as reported, indicate 
a rather marked dependence of the viscosity upon pressure. More 
recently Sigwart?” also measured the viscosity of superheated steam at 
elevated pressures and temperatures. The latter measurements indicate 
a smaller change in viscosity with pressure than was indicated by the 
measurements of Hawkins et al. The discrepancy between these two 
sets of data indicates that there is probably a serious error in the inter- 
pretation of the experimental facts in connection with one type of appara- 
tus, since the discrepancy is many times the uncertainty of measurement 
involved in either case. 


MeEtTHop 


The apparatus used in the investigation was a modification of that 
employed in previous studies*** upon the viscosity of hydrocarbon 
liquids. In principle, the method consisted of measuring the time 
required for a closely fitting steel ball to roll a fixed distance in an inclined 
cylindrical tube, under the influence of gravity. This type of instrument 
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was proposed by Flowers® and subsequently modified by Hersey" 
and Hoppler.'* 

Fig. 1 presents a diagram of the apparatus used in the present investi- 
gation. Tube A was machined from solid bar stock of stainless steel. 
The roll tube was lapped to a true cylinder with a maximum deviation in 
diameter of 1 X 10-tin. Ball B was machined from the same stock and 
was spherical within 5 X 10-*in. The diameter of the tube was 0.5002 
in. and that of the ball was 0.4957 in. The tube was inclined approxi- 
mately 15° from the horizontal, the angle of inclination being kept 
accurately constant during all measurements. The ball was released 
from the upper end of the tube by means of the movable contact C. 

The roll time of the ball was determined by the elapsed time between 
the breaking of the upper contact C and the making of the lower contact 
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Fig. 1.—DIaGRAM OF APPARATUS. 


D. ‘This time interval was measured by means of a chronograph, which 
recorded the breaking and making of electrical contact between the ball 
and the contacts Cand D respectively. The chronograph was driven by 
a synchronous motor, operating from the alternating-current supply of 
the laboratory. A comparison of the time intervals as measured by the 
chronograph with those by a pendulum clock indicated a probable 
uncertainty in the time measurements, made with the chronograph, of 
0.1 per cent. 

Tube A was connected to the chamber # by means of the flexible steel 
tube F. This flexible connection permitted the rotation of tube A about 
trunnions located at the upper end of the roll tube, so that the ball could 
be returned and gently wedged under contact C by gravity. Chamber £ 
was so arranged that mercury could be added to or withdrawn from it 
through valve H, in order to change the pressure within the instrument. 
The pressure existing within the viscometer was measured by a fluid 
pressure balance, which was connected by oil-filled tubing to the appara- 
tus through the mercury-oil interface in the chamber K. This mercury-oil 
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interface was adjusted to a constant position for each reading by changing 
the volume of the oil system until the mercury just touched the electrical 
contact J. The fluid pressure balance was directly calibrated against 
the vapor pressure of carbon dioxide at 32° F. The balance had a sensi- 
tivity of 0.5 lb. per sq. in. and it is believed that the pressures within 
the apparatus were known to within 1 lb. per sq. in., after correction for 
the hydrostatic head of oil and mercury in the connecting tubing. 

The apparatus was kept at the desired temperature by means of the 
oil thermostat M. This thermostat was controlled by a mercury-in- 
glass regulator, and it was found that the temperature of the instrument 
did not vary more than 0.05° F. in the course of a series of measurements. 
The absolute temperature was established by means of a calibrated 
mercury-in-glass thermometer and was known within 0.15° F. throughout 
the temperature range of the present investigation. 

The gases were added to the evacuated apparatus through the con- 
necting tube L. To avoid contamination of the samples, the apparatus 
was repeatedly purged, since pressures below 0.02 in. of mercury could 
not be obtained readily within the apparatus, owing to the small diameter 
of the connecting tubing. Measurements of the roll time were made for 
a series of increasing pressures at a given constant temperature. The 
pressure was then gradually decreased by withdrawal of gas or mercury 
from the apparatus and another series of measurements was obtained. 
In general, duplicate measurements of the roll time at a given pressure 
and temperature agreed with one another within the accuracy of the time 
measurements; namely, 0.1 per cent. 


CALIBRATION 


A rolling-ball viscometer, such as that used in the present investiga- 
tion, is not suitable for absolute measurements, and must be calibrated 
with fluids of known viscosity. For a discussion of the parameters 
involved in these calibrations the reader is referred to the work of Flow- 
ers,® Hersey and a paper by one of the authors. This work has indi- 
cated that when the flow around the ball is laminar there is a single- 
valued functional relation between the absolute viscosity and the rate 
of roll of the ball corrected for the buoyant effect of the liquid. 

The instrument was calibrated with fluids; i.e., gases and liquids, of 
known viscosity at or near atmospheric pressure. For viscosities above 
200 micropoises, Kellstrom’s® value (183.49 x 107° poises) for air at 
73.4° F. and a value for the viscosity of n-pentane liquid at 100° F. 
(1981 X 10-* poises) were used as the primary viscosity standards. 
This value for n-pentane was interpolated from the measurements of 
Thorpe and Roger? which agree with a recent measurement by Tousa 
and Staab,*! at 68° F. The viscosity of n-pentane liquid at 160° F. was 
also determined. Bridgman’s‘ measurements at 167° F. were inter- 
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polated and used to aid in establishing the viscosity of n-pentane liquid 
at 160° F. Earlier work with the instrument has indicated that so long 
as the flow around the ball is strictly laminar there is a linear relation 
between the absolute viscosity and the parameter @(po0 — p) where @ is 
the roll time and pp and p are the density of the ball and of the 
fluid, respectively. 

At viscosities below 200 micropoises a slight deviation (2 per cent at a 
viscosity of 100 micropoises) from this linear relation was encountered. 


VISCOSITY MICROPOISES 


6(R-P) 
Fig. 2.—CAaALiBRATION CURVE FOR LAMINAR FLOW. 


Therefore, the viscosity of air, methane, propane and a calculated roll 
time for the ball at zero viscosity, were used to establish the calibration 
curve (Fig. 2). The measurements of Rankine and Smith,?° Vogel** 
and Ishida! upon methane were used to establish the atmospheric 
viscosity of this gas. The viscosity of gaseous propane at atmospheric 
pressure, which was determined by Trautz and Kurz*® by the short 
capillary-tube method, was not of as great precision, but the data 
obtained for propane substantiated the calibration of the instrument as 
established from the data upon air and methane and the calculated roll 
time for zero viscosity. 

The Reynolds criterion is perhaps one of the greatest aids to the study 
of flow processes under comparable conditions. For the present instru- 
ment it is nearly impossible to calculate a Reynolds number that is com- 
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parable with Reynolds numbers for other widely different physical 
arrangements. However, for this particular instrument with a given 
ball, it is possible to employ the ratio p/6 in this connection where p as 
used here is the density of the fluid in grams per milliliter, @ the roll time 
in seconds and 7 the absolute viscosity in micropoises. This ratio is 
directly proportional to the Reynolds number for a given physical con- 
figuration of the instrument. The use of this ratio permits a comparison 
of the behavior of the instrument under comparable conditions of flow 
for a variety of fluids at a number of pressures and temperatures. 
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Fig. 3.—Errect or REYNOLDS NUMBER UPON CALIBRATION OF INSTRUMENT. 

The viscosity values of Nasini and Pastonesi” indicate that there will 
be a very large increase in the ratio p/6 for the conditions of flow within 
the instrument with an increase in pressure. A similar situation is also 
indicated in regard to carbon dioxide. ‘These two gases therefore afford a 
means of studying the behavior of the instrument at relatively high 
values of p/n. In Fig. 3 is depicted the ratio of the actual viscosity 7 of 
air and carbon dioxide to the apparent viscosity y, as determined from 
the roll time, the density of the fluid and the calibration curve of Fig. 2. 
The data of Holborn and Schultze}? and Amagat' were used to establish 
the relation of density to pressure for air and carbon dioxide, respectively. 
This ratio is presented in Fig. 3 as a function of p/ On and indicates that 
for values of p/m below 2.5 the ratio of the actual viscosity to the appar- 
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ent viscosity y is unity. However, at higher values of p/6n there is an 
abrupt divergence between the apparent viscosity directly determined 
from the calibration curve (Fig. 2) and the actual viscosity. The higher 
values of the apparent viscosity are due to the increased resistance encoun- 
tered by the ball under the turbulent conditions of flow. At values of 
p/m of approximately 30 the apparent viscosity is nearly twice as large 
as the actual viscosity. 

The agreement of the ratio n/y as determined by measurements upon 
air and carbon dioxide at relatively low pressures indicates that the ratio 
p/6n is a satisfactory index of the flow conditions existing within the 
instrument. At higher pressures the agreement of the data for the two 
gases is not as good as might be desired. The discrepancy may be due 
to the failure of the parameter p/6n to correlate the flow conditions 
completely. On the other hand, errors in the determinations of the 
effect of pressure upon the viscosity of either of the gases could explain 
the disagreement indicated in Fig. 3. 

The measurements by Boyd? upon nitrogen at 86° F. indicate a some- 
what larger effect of pressure upon viscosity than was found by Nasini 
and Pastonesi!” for air at 57° F. The divergence of the isothermal 
viscosity-pressure coefficient of these two sets of data increases markedly 
at the higher pressures. Because of the disagreement of the available 
data on the effect of pressure upon the viscosity of air and nitrogen, the 
authors believe that the data for carbon dioxide are more trustworthy 
and they have been utilized in the calibration of the instrument at higher 
values of p/@y. This procedure associates the values of viscosity reported 
in this paper to those determined by Phillips” and Stakelbeck* for car- 
bon dioxide. Any errors involved in these data will be directly reflected 
in the values of viscosity reported here. 

The viscosity of gases determined at values of p/6y greater than 2.5 
was evaluated in the following way. From the measured roll time @ and 
the density of the fluid p, the apparent viscosity ~ was ascertained 
directly from the curve of Fig. 2. From a knowledge of the density, roll 
time and apparent viscosity a value of p/@ was calculated. If it is 
assumed that n/y is a single-valued function of p/@n it follows that »/y 
must be a single-valued function of p/@y. From a graphic presentation 
of the functional relation of »/p to p/éy the corresponding value of n/p 
was determined. From this value of »/y and the apparent viscosity 
already determined the absolute viscosity was obtained. This procedure 
eliminates the necessity of a trial solution, which would be required if 
Fig. 3 were used directly to ascertain the absolute viscosity under condi- 
tions of measurements where p/67 is greater than 2.5. 

Both the ball and the tube were made of the same material, therefore 
temperature should have only a small effect upon the calibration of the 
instrument. The excellent agreement between the measured increase 
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in the viscosity of air and methane with increase of temperature at 
atmospheric pressure with that found by other investigators indicates 
that the effect of temperature upon the calibration of the instrument 
was smaller than the accuracy of measurement and hence has been 
neglected in the present work. 

With the clearance between the ball and tube that was used in this 
work, the “‘slip coefficient’’'*:3? does not become significant until pressures 
as low as 2 lb. per sq. in. are encountered and the mean free path of the 
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Fic. 4.—EFFECT OF PRESSURE UPON VISCOSITY OF LIQUID N-PENTANE. 


molecules becomes greater than the clearances. Since no measurements 
are reported in this paper for a pressure below one atmosphere, it was 
unnecessary to make any correction on this account. 

The discussion above indicates that the density of the fluid, as well as 
the roll time of the ball, is required in order to determine the viscosity. 
For gases, the value of the density of the fluid encountered in this work at 
the highest pressure amounts only to approximately 2 per cent of that of 
the ball. For this reason, high accuracy is not required in the determina- 
tion of the density of the gas, in order to avoid significant errors in the 

antit — p). 
oe At see of 4 : 6n greater than 2.5 the density of the fluid enters directly 
- into the evaluation of n/y ‘and hence into the final values of viscosity. 
It is therefore necessary to have accurate information available concern- 
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ing the effect of temperature and pressure upon the density of the fluid 
in order to ascertain the absolute viscosity under such conditions of 
measurement that the flow around the ball is not laminar. 

Since the clearance between the ball and the tube was small (0.0045 
in.), any slight distortion of the ball or the tube due to pressure might 
cause significant changes in the calibration of the instrument. In order 
to ascertain the magnitude of this effect, measurements were made upon 
liquid n-pentane for a series of pressures at three temperatures. The 
density of n-pentane, as a function of pressure and temperature, which 
was required for the buoyancy correction was obtained from an earlier 
investigation®® by the authors. The results of these viscosity measure- 
ments are presented in Fig. 4. In order to show the effect of pressure 
satisfactorily, the ratio of the viscosity at a given pressure to the viscosity 
of the saturated liquid at the same temperature was presented instead 
of the viscosity itself. Interpolation of Bridgman’s* values between 
atmospheric and higher pressures to this pressure range indicated a 
satisfactory agreement between his values for the viscosity-pressure 
coefficient for n-pentane and those determined by the authors. For 
this reason, it was considered that the pressure corrections for the instru- 
ment were less than the experimental uncertainty of the measurements 
and, therefore, were neglected in calculating the values reported. At all 
temperatures below 200° F. values of p/@n were well below 2.5, while at 
200° F. a small correction for »/y was applied. Because of the scarcity 
of information concerning the viscosity of liquid n-pentane at higher 
temperatures, a brief résumé of the values obtained is given in Table 1. 
The absolute values of these results are based entirely upon the value 
chosen (1981 X 10~® poises) for the viscosity of liquid n-pentane at its 
vapor pressure and 100° F. 


TaBLE 1.—Viscosity of Liquid n-Pentane 


Pressure, Lb. per Sq. In. Abs. 


Temperature, 
eg. F, _ . 
Saturation 500 1000 1500 
100 1981¢ 2043 2113 2183 
160 1502 1552 1610 1653 
200 1259 1305 1359 1414 


* Values are absolute viscosity expressed in micropoises. 


It is realized that the above method leaves much to be desired as a 
way of determining experimentally the absolute viscosity of gases at 
elevated pressures but it is believed that the results obtained are of 
sufficient engineering interest to justify their presentation as tentative 
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values until such a time as more precise information is available. . The 
results of the calibration of the instrument at atmospheric pressure indi- 
cated that the various experimental values were consistent within the 
experimental uncertainty of the reference viscosities. There is approxi- 
mately 1 per cent difference between the measurements of Harrington® 
and Kellstrom!? for air. Such discrepancies in these carefully measured 
values causes some uncertainty as to the accuracy of the values for the 
viscosity of methane and propane and air at the higher temperatures. 

In general it is believed that the calibration of the instrument was 
made with sufficient accuracy and detail that the viscosities at atmos- 
pheric pressure were determined with an experimental uncertainty of not 
more than 2.5 per cent. At higher pressures where the apparent viscosity 
is higher than the actual viscosity, a greater uncertainty exists. If the 
viscosity of carbon dioxide is taken as a reference, it is believed that the 
calibration at values of p/6m from 2.5 to 20 was made with an uncertainty 
of not more than 3 per cent, while at values greater than 20 there may be 
a somewhat larger uncertainty. For these reasons the viscosity of the 
gases reported at pressures above one atmosphere are probably known 
only with an accuracy of approximately 5 per cent relative to the vis- 
cosity of carbon dioxide. 


MATERIALS 


The methane used in this investigation was obtained from the Button- 
willow field, California. Analysis of this gas has shown it to contain 
99.7 mole per cent methane, 0.3 mole per cent carbon dioxide and less 
than 0.02 mole per cent ethane or heavier hydrocarbons. This gas was 
passed over sodium hydroxide and barium perchlorate, at 500 lb. per sq. 
in. pressure, to remove carbon dioxide and water, respectively. The 
propane and n-pentane used in the calibration of the instrument were 
obtained from the Philgas Division of the Phillips Petroleum Corporation, 
Bartlesville, Okla. Their special analysis showed the propane to contain 
less than 0.03 mole per cent impurities, while the sample of n-pentane was 
found to consist of 99.3 mole per cent n-pentane and 0.7 mole per cent 
isopentane. The purity of these materials was further substantiated 
by the nearly constant values of their vapor pressures during isother- 
mal condensation. 

One of the samples of natural gas was obtained from a high-pressure 
trap operating at 510 lb. per sq. in. and a temperature of 148° F., in the 
Kettleman Hills field, California. This same gas was used in a previous 
investigation relating to its thermodynamic properties. The gas was 
dried by passing it over calcium chloride at trap pressure. A fractiona- 
tion analysis of this gas is given in part of Table 2, where it is referred to as 
“Jean natural gas.” This designation will be used in all subsequent 


references to this gas sample. 
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The other natural gas sample was obtained from a pumping well in 
the Santa Fe Springs field, in California. It was not dried and was 
probably saturated with water at atmospheric pressure and 80° F. 
Since this gas contained a considerable amount of heavier hydrocarbons 
the storage container and the tubing connecting with the apparatus were 
maintained at temperatures above 250° F. in order to avoid any con- 
densation of the heavier constituents. A fractionation analysis of this 
gas is given in part of Table 2, where the gas is referred to as “‘rich 
natural gas.’’ 


TABLE 2.—Analysis of Natural Gas Samples 


Lean Gas? Rich Gas? 
Constituent J i 
Mole Gasoline Mole Gasoline 
Per Cent | Contents | Per Cent | Content¢ 
DN EAE SAO A PCOS roi a ott wil oo Ge 0.00 0.50 
Carbon dloxides..7 ssc aot, teee ioe ene 0.00 0.70 
Methane ss 3.8 i cre oan nee eee ein cei 83.19 69.74 
Bithame ete aig ae shee eRe 8.48 9.62 
Propane trace acne oh nasa ta ear rere tae 4.37 8.90 
Tso butatie cyss topcoat oe eid oe ee eee 0.76 1.52 
N= Butane sincdenc-smeeen Settee tak: Cena 1.68 | 0.528 4.07 1.280 
Jsopentane: 2652s. oe ace ee Lae ae ore 0.57 | 0.208 
N-Pentane...</ Gems wistertonas takers ake Aarne 0.32 0.116 
Residues (as n-hexane)..............-.e++5> 0.63 0.258 4.95 2.029 


Total wes bho astc, Sue tste eearehetetere ays: aeepeenere 100.00} 1.110 | 100.00 | 3.309 


Specific gravity at 60° F. and 14.73 lb. per 


Boedns TELOrned, vO, Allie ciate eee eee oes 0-800 


¢ Obtained from a high-pressure trap at a flowing well, in the Kettleman Hills 
field, California. 


’ Obtained from a low-pressure trap at a pumping well, in the Santa Fe Springs 
field, California. 
¢ Calculated as gallons per 1000 cu. ft. 


RESULTS 


The experimental results obtained for methane are depicted in Fig. 5. 
The necessary density data were obtained from the measurements of 
Kvalnes and Gaddy.'® The curves have been dotted at the lower pres- 
sures because of the lack of a sufficient density of experimental informa- 
tion to establish the relation of viscosity to pressure in this region. In 
general the precision of measurement is several times as great as the 
accuracy of measurement where values of p/6n greater than 2.5 are 
encountered. For this reason the details of behavior indicated by experi- 
mental points have been neglected in drawing the curves presented in 
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Fig. 5. It is probable that the isothermal viscosity-pressure coefficient 
is much smaller at pressures in the vicinity of one atmosphere than at 
higher pressures. However, no attempt has been made to show this 
effect in the figure. 

The results indicate a larger isothermal viscosity-pressure coefficient 
at the lower temperatures which accounts for the intersection of the 
isotherms at the higher pressures. This type of behavior was found 
for carbon dioxide by both Phillips and Stakelbeck” and is not unex- 
pected since gases usually approximate the behavior predicted by the 
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Fic. 5.—VISCOSITY OF METHANE AS A FUNCTION OF PRESSURE. 


kinetic theory more closely at higher temperatures. The classical kinetic 
theory of gases indicates that the viscosity of a gas should be independent 
of pressure and solely a function of temperature. 

Fig. 6 presents the data for the lean natural gas. The values of den- 
sity that were required in order to calculate the viscosity from the roll 
time of the ball were obtained from an earlier investigation®** by the 
authors. The latter work indicated that this gas was above its cri- 
condentherm® at all of the temperatures covered in this investigation, 
therefore no difficulty due to condensation was encountered. Two inde- 
pendent sets of measurements were made on this gas both at 100° F. 
and at 160° F. and the individual experimental points from the two sets 
of measurements at each temperature agreed with one another well 
within the accuracy of the present investigation. This agreement of 
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measurements made with the instrument at different times and with 
different samples of the same gas is considered to be an indication of the 
consistency of measurement obtained. Changes in pressure as small as 
2 lb. per sq. in. could be detected by the change in the measured roll time. 

As with methane, the details of behavior indicated by the experimental 
points have been neglected in drawing the curves presented in Fig. 6. 
This procedure was followed because of the uncertainty of calibration 
for values of p/@y greater than 2.5. There was a sufficient density of 
experimental data for this gas at the lower pressures to indicate that there 
was a smaller isothermal viscosity-pressure coefficient near atmospheric 
pressure than at higher pressures. 
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Fig. 6.—VIScosiIry OF A LEAN NATURAL GAS. 


The rich natural gas contained a considerably greater amount of 
hydrocarbons of larger molecular weight than did the lean gas sample. 
Since there were no satisfactory means of calculating the density of this 
gas as a function of pressure, the deviation of this gas from perfect gas 
behavior was determined at three temperatures by methods that have 
already been described.* This work was not done with great precision, 
since this was not necessary for the present purpose. Unfortunately, an 
insufficient quantity of this sample was available to permit a study of its 
volumetric behavior at the higher pressures. The results of this study 
are presented in Fig. 7. Experimental evidence obtained in the operation 
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of the pressure-volume-temperature apparatus indicated that there may 
have been some condensation at 100° F. This was further substantiated 
by the viscosity measurements, since such irregular results were obtained 
at 100° F. that no values except that for atmospheric pressure have been 
reported for this temperature. The viscosity measurements at 160° and 
200° F. are shown in Fig. 8. This gas has on the average a somewhat 
larger viscosity-pressure coefficient than the lean gas, but a smaller viscos- 
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ity at atmospheric pressure. Owing to the small size of the sample, only a 
single set of measurements was made upon this gas, but it was sufficient 
to indicate the type of behavior that may be encountered with such wet 
gases. atts 

Day’s work® upon n-pentane and isopentane indicated a slight de- 
crease in the viscosity of these materials with an increase In pressure. 
This type of behavior might indicate that the viscosity of hydrocarbon 
gases of relatively high molecular weight may reach a minimum value at a 
pressure not far from atmospheric pressure. However, the present work 
was not sufficiently detailed at these low pressures to establish definitely 
this type of behavior. 
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The rolling-ball viscometer is not considered a satisfactory instrument 
for the measurement of the viscosity of gases at elevated pressures, 
because there is not a single-valued functional relationship between the 
roll time and the absolute viscosity under conditions of turbulent flow. 
The large changes in Reynolds number with pressure that are encoun- 
tered with gases make desirable the use of an instrument that avoids the 
possibility of turbulent conditions of flow even at the highest values of 
Reynolds number that are to be met. 
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The measurements of Hawkins et al.!° upon the viscosity of super- 
heated steam at elevated pressures and temperatures were made with a 
rolling-ball viscometer similar in principle to that employed by the 
authors in the present investigation. On the other hand, Sigwart?’ 
employed a modification of the capillary-tube method in his studies of 
the viscosity of superheated steam. The difference between these two 
sets of experimental data may possibly be accounted for by the existence 
of turbulent conditions of flow in the rolling-ball viscometer throughout 
a major portion of the range of temperatures and pressures covered by 
Hawkins’ measurements. The authors did not have sufficient informa- 
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tion available to permit a comparison of the probable Reynolds numbers 
existing in the viscometer employed by Hawkins with those encoun- 
tered with the present instrument. For this reason it is impossible to be 
sure that this is the proper explanation of the divergence between the 
measurements of Hawkins and of Sigwart. However, conditions of 
high density and relatively high velocities of roll were employed by 
Hawkins, which are conducive to turbulence. 
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Pressure Distribution in Oil and Gas Reservoirs by Membrane 
Analogy 


By Aaron J. Mizes* anp Evcene A. STepHENSON,t MemBer A.I.M.E. 


(Oklahoma City Meeting, October, 1937) 


THE pressure distribution in a producing oil or gas reservoir has been 
obtained mathematically in a limited number of special cases where the 
boundary of the reservoirs are simple geometric figures with the wells 
conveniently located within them. Using some of the previous work as a 
basis, it can be proved that a number of additional problems of pressure 
distribution can be solved by use of soap film. This method is particu- 
larly applicable to a reservoir drained by a number of wells, or to 
a reservoir of irregular shape, or to both. Since this method obtains 
the pressure distribution, it also establishes the drainage boundaries of 
the wells. 

This paper derives the analogy between the equation representing the 
pressure distribution in a reservoir and the equation of the deflected 
membrane. It also describes the apparatus and the method of operation. 
The experimental method is employed to solve a problem whose mathe- 
matical solution is known and the results compared. These are found to 
be in good agreement. 

The method is applicable to any homogeneous liquid, compressible or 
incompressible, or to a gas, flowing in a reservoir of uniform thickness, 
permeability and porosity. The flow state may be either the steady state 
or the transient state wherein the density or pressure of the fluid in the 
reservoir declines at a constant rate. 


PRESSURE-DISTRIBUTION PROBLEM 


Fluids encountered in the oil reservoir are compressible and expand 
and move toward the drilled hole where the pressure is lowest. The loss 
of fluid from the reservoir lowers the pressure in the more distant parts of 
the reservoir, permitting the fluids in these parts to expand and move 
toward the well. The area around the well affected by drainage is 
increasing continuously, and the density, pressure, and velocity of flow 
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change from point to point throughout the reservoir and, in general, 
change at any given point with time. 


In order to develop the analysis for the flow of fluids through the 


porous sand, the following assumptions are made: 

1. The permeability, porosity and thickness of the sand are uniform 
throughout the area affected by the well or wells. 

2. The well is a straight cylinder penetrating the entire thickness of 
the sand. 

3. The fluid, gas or oil, behaves as a homogeneous fluid, and the 
velocity of flow at any point in the reservoir is directly proportional to the 
pressure drop per unit of length along the path of flow. According to 
d’Arcy’s formula 


[1] 


where v is the velocity in the flow, wu the viscosity, P the pressure in 
atmospheres, and s a distance. 
4. The density of the fluid in the sand is expressed by the equation 


Y = Yoe®P [2] 


Where y and P are the density and pressure, respectively, at a point in 
the reservoir, and £ is the compressibility of the fluid. This exponential 
relation for the density is an assumption adopted for convenience. For 
slightly compressible fluids, it reduces to 


Y = Yo(1 + BP) [3] 


when expanded by Maclaurin’s theorem, and all terms in £? or higher are 
neglected, provided 8 is small. Furthermore, for a fluid of large com- 
pressibility, it gives a fairly close approximation over a wide range 
of pressures. 

The equation of continuity, which is merely a mathematical statement 
that the rate at which the mass of the fluid flows into an infinitesimal space 
must be equal to the rate at which it flows out plus the time rate of 
increase of mass in the infinitesimal space, is expressed by the equation: 


(ve) x Avy) _ aft 


* 
dx oy at [4] 


where vz and vy are component velocities of the fluid that flows parallel to 
the xoy plane, y is the density, ¢ the time and f the porosity expressed as a 
fraction. ‘These velocities are obtained by dividing the quantity flowing 
in unit time by the gross cross-sectional area of the flow stream, and are, 
therefore, not the true velocities of the fluid particles in the reservoir. 


* The derivation of this equation may be found in any text on hydrodynamics. 
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The component velocities of the fluid, assuming a two-dimensional 
flow, may be expressed by the d’Arcy formula as 


KedP, K oP 
vz = —— and vy = ——— 
u oy 


[5] 


where K is the permeability and w the viscosity. 


Therefore 
Ky oP 
Rea ie man aay 
but from equation 2, 
ON poh _ 2, 9P 
Therefore, 
eee Oy 
oe as Bay Oe 
and 
K oy 
= ——— 6 
YVy Bu oy [ ] 


Substituting eq. 6 in eq. 4 gives 


3s * oy? K at 


dy , O'y _ Buf dy 7] 


This differential equation must be Fic. 1.—CaucuLaTIon oF FLOW OF 
. . : FLUID INTO INFINITESIMAL SPACE. 
satisfied at all times and at all points 


: 0 
in the reservoir. Where the flow is steady, = becomes zero and eq. 7 


reduces to 


O° 0*y 
a yt [8] 


Assume that the solution of eq. 7 takes the form 
y = F(z, y, t) [9] 


Where x and y are coordinates of the plane of the reservoir, and t, the 
time, is a parameter. The density y may be represented graphically by 
the ordinate of a surface at time ¢, above the xoy plane, as shown in Fig. 2. 
The pressure at any given point varies as the time. Thus for ¢ = h, 
y will be represented by a curved surface above the zy plane and when 
t = te by another curved surface, etc. 
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The pressure distribution throughout the reservoir may be obtained 
from eq. 9 by use of either eq. 2 or eq. 3: 


ate fii 

ie a 1) [10] 
eels = 

P= apr e Y, t) Yol [11] 


and from eq. 5 the resultant velocity is 
v= V0," + 0,” [12] 


which makes an angle arc tan v,/vz with the x axis. This is down the 
direction of maximum gradient of the pressure P, and also by virtue of the 
relation in eq. 10, down the maximum gradient of the surface representing 
y, the density. 

The rate of flow through any surface such as the wall of the well may 
be found from the integral 


Q= fivernds | [13] 


where v, is the velocity normal to the 
surface s, and the integration is to be 
made over the entire surface, such as 
the total sand face exposed in the well 
or any cross-sectional area through 
which fluid must flow to reach a group 
of wells. ; 

Hence, if the density is known at 
all times throughout the reservoir, the 
pressures, velocities and the rate of 
production may be determined for every point in the reservoir. 

The density of an incompressible fluid is constant, in which case eq. 4 
reduces to 


Fig. 2,—DeEnsITIEs. 


a4 “y= 9 [14] 


aa +5 =0 [15] 


Since eq. 15 indicates that. the pressure distribution is independent of the 
time, it also follows that an incompressible fluid conforms to steady state 
of flow, and pressure changes at any point in the system produce their 
effects immediately throughout the reservoir. P is now the independent 
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variable, and a solution of eq. 15 may be expressed as 
P = F(z, y) [16] 


P may be represented graphically as an ordinate above the xoy plane, just 
as was the density of a compressible fluid. 

In isothermal flow of gas, the density is proportional to the pressure 
and may be expressed thus 


y= yeP [17] 
Substituting eqs. 17 and 5 in eq. 4 gives 


ap? , a?P? — 2uf oP 
Ox? oy? K at 


[18] 


This is a nonlinear equation, for which a general solution is not known. 
Or ; hey : 
But if OR’ the time rate of pressure decline, is constant the independent 


variable may be taken as P?, and represented graphically above the xy 
plane just as were the density and pressures of the two previous fluids. 
It is obvious that no closed reservoir can flow in a steady state. How- 
ever, if the gas is flowing into the reservoir at the same rate at which it is 
being produced by the well, it may flow in the steady state. In this event 


S of eq. 18 is zero, and the equation is then linear in P? and solvable for 


certain reservoirs and boundary conditions. Dr. Muskat' developed the 
equation representing the density distribution throughout a circular 
homogeneous reservoir producing a compressible fluid at a constant rate 
from a well at its center. 


; an? Kt 

AV 4Kt Jolanrje 
pane ae Y We . i - ao Lise eG | a 
This equation contains two transients, one represented by an infinite 
series of Bessel functions, which disappear at a rapid rate as the time 
increases. Using the well spacing, reservoirs and fluid constants as 
found in the East Texas field, this series transient was found to be of 
negligible amount after a well had been flowing for 45 min. Thus the 
series transient may be neglected after that time. ‘The other transient is 


OV 
represented by a linear term in the time variable. Hence a is a constant 


for all practical purposes after a well producing a compressible fluid at a 
constant rate has been operating for a short time. 


1 References are at the end of the paper. 
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MEMBRANE ANALOGY 


Imagine a homogeneous membrane stretched over a hole in a flat, 
thin plate and subjected to a pressure differential between the two sides. 
Each element of the membrane is deflected and held in equilibrium by 
the differential pressure p and the vertical component of the surface 
tension 7’ of the membrane. 


-Membrane 


-- Plane of 
Support 


Fig. 3.—MEMBRANE ANALOGY. 


The equation of equilibrium in the z direction for small deflections of 
the membrane is given by 


Ce Oe, aiiyen ee . 
dat * ayt ~ BF [20] 
If the ordinate z in eq. 20 is made equal to eters ok where ¥ is the 
uf2T at 
only variable, 2 is here taken as a constant, and the equation becomes 


da? ' ay? K at 


which is identical with eq. 7. Thus the deflection of the membrane 
represents, to some scale, the density of the fluid, if the boundary con- 
ditions of the membrane are made to correspond to the density of the 
fluid at the boundary of the reservoir and at the sand face of the well; 
that is, the hole in the plate over which the membrane is stretched must 
be geometrically similar to the shape of the reservoir under investigation, 
and the elevation of the edge of the hole above some datum plane must be 


* For a derivation of this equation see G. A. Taylor and A. A. Griffith,? also texts 
on Mathematical Physics. 
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to some scale equal to the density of the fluid at the boundary of the 
reservoir. The well is simulated by a point on the membrane pulled 
down to such an elevation above the datum plane as represents to the 
same scale the density at the sand face of the well. 

The membrane may be depressed at a number of points. These 
should be so distributed as to correspond geometrically to the position 
of the wells in the reservoir or field under investigation, and be placed 
at such elevations as will be analogous to bottom-hole flowing pressures. 
The latter may also all be different. It must be borne in mind that if the 
density is known at any point, the pressure is readily computed from 
eq. 2 or eq. 3. 

D’Arcy’s equations show that the velocity of flow in either gas or 
liquid is proportional to the pressure gradient, hence the lines of maximum 
elevations of the membrane between wells are also the boundaries of the 


p 0 
drainage areas. In steady flow a = 0, and for uniformly decreasing 


t 


Oye: : ee 
density is a negative constant. The latter is in good agreement with 


¥ 
Ot 
the actual conditions in a reservoir producing at a constant rate. Con- 
tour lines on the membrane represent lines of constant pressure and 
constant density and the resultant movement of the fluid must be normal 
to these lines. 

In a similar manner, it can be shown that for an incompressible liquid 
the ordinate of the membrane z represents to a scale the pressure in the 
reservoir; and for gas it represents the pressure squared. 


MEMBRANE APPARATUS AND ITs USE 


A photograph of the apparatus is shown in Fig. 4 and the membrane 
within the apparatus in Fig. 5. A flat aluminum plate 4 in. thick is 
used to hold the membrane. A hole is cut in the plate geometrically 
similar in shape to the reservoir to be investigated. This hole may be 
any convenient size from 3 to 6 in. across. The edges must be beveled 
one way at about 45° so that the membrane will fasten itself to this thin 
edge. The plate is placed over a round cast-iron box 34 in. deep and 
10 in. in diameter and clamped in place by a cast-iron ring 2 in. deep and 
10 in. in diameter. A circular glass plate, 20 in. in diameter with a 
micrometer depth gauge attached to it through its center, is used as a 
cover and may be slid to any desired position in its horizontal plane on the 
upper ring. The micrometer depth gauge measures in millimeters and 
has a sharp steel point at both its upper and lower ends. 

In order to obtain a record of the elevation of the membrane at any 
point, the micrometer is screwed down, or the glass plate with micrometer 
attached is slid sideways until the lower point contacts the swinging 
board to which the record paper is attached (shown at upper left, Fig. 
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Fic. 5.—M®MBRANE WITHIN THE APPARATUS. 
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4), which is then brought down until the upper point of the micrometer 
makes a fine impression on the paper. The micrometer usually is left 
at a certain height and the glass plate slid around until the lower tip of 
the micrometer touches the membrane at a neighboring point. In this 
manner a contour line may be completely outlined on the contour record 
paper. 

The membrane is made of a soap bubble* and is attached to the 
aluminum plate by drawing a celluloid spreader over the plate. An old 
kodak film makes an excellent spreader. 

The edge of the aluminum plate is set at an elevation corresponding 
with the condition at the edge of the reservoir, while the wells are placed 
within the central opening at elevations corresponding to the bottom-hole 
flowing conditions (Fig. 5). Since it is necessary to remove the soap 
solution that collects on the membrane at the wells, it is desirable to use 
for this purpose tubes, such as hypodermic needles. Steady flow prob- 
lems require no pressure differential between the two sides of the mem- 
brane, hence there must be free communication between the two sides of 
the aluminum plate. For other problems all points below the aluminum 
plate must be sealed with vacuum seal or the soap solution itself, and the 
necessary pressure applied to the space below the membrane by use of a 
balancing bottle filled with the soap solution. 


Accuracy OF RESULTS 


The membrane has been employed both in America and England to 
solve certain types of problems in the theory of elasticity and in the 
strength of materials. Careful study has been made? of the accuracy 
of the method. Comparison of the membrane analysis with such solu- 
tions as could be obtained mathematically showed less than 2 per 
cent error. 

The pressure distribution throughout a circular reservoir producing 
fluid under the steady state of flow from a well at its center has been 
solved mathematically and is stated here for the purpose of comparison 
with the results obtained with the membrane method: 


y= ua log = + y, for a compressible liquid [21] 
log i ms 


*The soap solution may be prepared by mixing 2 grams of sodium oleate and 
30 c.c. of glycerin in 1 liter of distilled water. Addition of more glycerine or sodium 
oleate is desirable for the larger membranes. Care should be exercised in keeping the 
solution clean and keeping the breath and dust from the membrane. If the glass 
plate is kept on during the measurement, such a bubble may be touched many times 
and kept 10 hr. or longer without breaking. 
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p? = 


_ Pe Pu log — " + P,, for an incompressible liquid [22] 
log —* a 
PéiaPe log = + P,,? for a gas [23] 
log = is 


where the subscripts e and w refer to the external boundary of the reservoir 


and well, respectively. 
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Fig. 6.—PRESSURE DISTRIBUTION ALONG A RADIAL LINE. 


The top of the “well” is shown at 9, and the edge of the aluminum plate just to 
the left of 1500. 


For a numerical example, take a well with a bottom-hole flowing 
pressure of 900 lb. per sq. in. and a drainage radius r, of 660 ft. Let the 


TABLE 1.—Pressure 


pressure at external boundary be 1476 lb. per sq. 
in. Equation 22 gives the pressure distribution 


Distribution along a radial line from the well to the boundary 
MILLIMETERS of the reservoir and is shown as the solid curve 
178 9.00 of Fig. 6. In order to obtain the distribution 
2.00 9.50 along the same radial line by use of the membrane 
2.67 10.00 method, a circular hole was cut in the aluminum 
ep en plate 91.6 mm. in diameter, which happened to be 
7.00 11.50 a convenient size. The edge of the plate was 
9.67 12.00 set in the apparatus 5.76 mm. above the top of 
13.00 12.50 the small tube that represents the well. Thus 
18.00 13.00 the elevation of the top to tube may be taken as 
24.00 13.50 9.00 mm. and the edge of the plate as 14.76 mm. 
31.70 14.00 . 
41.00 14.50 (Table 1). In this arrangement each 0.01 mm. 
45.80 14.76 represents 1 lb. per sq. in. pressure and in a hori- 
zontal direction each millimeter represents 
1320/91.6, or 14.4 ft. In Fig. 6 the plotted points are the results 


obtained by measurement of the membrane. 


—" 
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A number of wells, uniformly or irregularly spaced, and with eleva- 
tions corresponding to uniform or different bottom-hole pressures, can 
readily be studied with this same type of apparatus. Fig. 5 shows a 
reservoir with 21 wells. The close agreement between the theoretical 
analysis of pressure or density distribution and that observed by the 
measurement of the deflected soap film appears to provide an additional 
approach to the problem of reservoir drainage as well as to the location of 
points between wells which represent the boundaries of their drainage 
areas. Uniform porosity, permeability, sand thickness and steady state 
of flow or a steady density decline are assumed conditions. 
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DISCUSSION 
(R. S. Knappen presiding) 


BE. A. SrepHenson.—We had difficulty in finding capillary tubes; we used cattle 
hypodermic needles. 


T. V. Moorn,* Houston, Texas.—The paper presents new and very valuable 
technique for working out problems in single-phase fluids; unfortunately, in most of 
our fields we are interested in three-phase flow. It should give some highly interesting 
results. Did you ever try rubber as a membrane? 


A. J. Mites.—Rubber does not work. We thought of it. Rubber follows Hook’s 
law while the membrane follows a different law. 


R. D. Wycxorr,{ Houston, Texas.—This paper presents a very beautiful analogy 
whereby one can see at a glance the pressure distribution is a system involving complex 
boundazies or multiple wells. 

There appears to be a physical limitation in the models inasmuch as it would appear 
impractical to make the ratio of well radius to outer drainage radius as small 
as required for some practical cases. However, this limitation is removed if some 
arbitrary well radius within range of the model is used and the pressure distribution 
is then extrapolated to the smaller actual well radius. And none of the advantages 
of the visual examination of a complex pressure distribution picture would be lost by 
eliminating from the picture a small area immediately around the well. 


A.J. Mitus.—The analogy applies not only in the steady state, but also ina steady 7 
decline of pressure. 


* Production Research Division, Humble Oil and Refining Co. 
+ Gulf Research and Development Co. 


Relation of Gas-well Spacing to Ultimate Recovery 


By D. T. MacRoszrts* 
(Fort Worth Meeting, October, 1936) 


Tus paper embodies the results of theoretical studies concerning gas 
reservoirs, especially the effect of drilling programs of various intensities 
upon pressure depletion and ultimate recoveries. The primary objective 
has been to determine the net quantity of recoverable gas that could be 
obtained as a result of each additional well, in comparison with the gas 
that might be secured from a single well ideally placed with respect to 
both acreage and geological structure. No method is yet known whereby 
the relative merits of intensive and sparse drilling can be compared 
experimentally; a reservoir must either be drilled closely or developed 
with wide spacing, but both programs cannot be conducted simultane- 
ously. Hence, the analytical method seems to be the only approach 
to the problem. 

While the present state of our theoretical knowledge does not offer a 
precise solution to the problem of gas flow in sand bodies, it takes such 
appropriate cognizance of the limitations of the methods used as to restrict 
any answer obtained to the realm of engineering accuracy. In solving the 
problem for the average gas field, it was found that practically the same 
answers resulted as to pressure distribution, regardless of the size of the 
drainage radius, even though the latter was assumed to vary from a few 
feet as a minimum to that of the entire reservoir as a maximum. Such 
limits represent extreme possibilities; therefore, the practical conditions 
that are associated with normal development programs, in which wells 
are placed in the center of tracts varying in size from 40 to 640 acres, will 
of necessity result in less extreme variations than those indicated in the 
tables accompanying this paper. Stated more concisely, the amount of 
gas unrecovered at abandonment (of the particular field used for illustrative 
purposes) will ie somewhere between 4.6 and 6 per cent of the total original 
content, no matter how intensively the field is drilled. 

Gas reservoirs may be divided into two general types, those in which 
the energy is intrinsic, and those of which the energy is extrinsic.t The 
first type contains energy in the form of a compressed gas, which expands 

Manuscript received at the office of the Institute Sept. 8, 1936; revised Aug. 5, 
1937. 

* United Gas Pipe Line Co., Houston, Texas. 


} It is also recognized that many reservoirs have the combined characteristics of 
both types. 
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toward the well, the energy lost in friction being supplied by the expansion 
of the gas itself. This type of reservoir cannot be completely drained 
without the addition of energy from exterior sources. Some gas will still 
be left in the formation when the last commercial production has been 
obtained. The second type of reservoir, while containing gas that also 
expands toward the well, is surrounded by a fluid which is relatively 
incompressible and which gradually moves in to fill the space formerly 
occupied by gas. Since the energy of the gas accumulation, as indicated 
by the reservoir pressure, is maintained by the hydrostatic head, no loss 
of energy occurs over the life of the field, and a well properly situated 
on the structure may in time drain the entire reservoir. 

The conditions under which a well may be abandoned differ, depending, 
among other things, upon the type of reservoir. Thus, gas-driven fields 
will be abandoned when the reservoir pressure becomes so Jow that the 
wells can no longer produce a sufficient quantity of gas to warrant its 
compression to the line pressure. Water-driven fields can be operated 
until the wells are progressively killed by encroaching water; eventually 
abandonment will be forced when the cost of keeping the wells free 
from water becomes excessive. The total amount of gas abandoned in 
a water-driven reservoir can be approximated if the shape and rate of 
travel of the encroaching water can be determined. In natural flooding 
these data are not commonly known, hence an estimate of total un- 
recovered gas may lack accuracy, though certain drilling patterns 
intended to obtain the highest recovery have been demonstrated under 
idealized laboratory conditions.*!* 

From the physical characteristics of the two types of reservoirs, it is 
evident that in water-drive the controlling variable is area (volume of 
reservoir), while in gas-drive it is pressure, with the volume of the reservoir 
remaining constant. In order to determine the volume of gas left in a 
gas-driven reservoir at the time of abandonment, it is necessary to know 
the average pressure* existing in the reservoir at that time. As will be 
shown subsequently, this can be determined from the formation and 
flowing pressures and the pressure gradient across the reservoir under any 
specified flow conditions. 

Throughout this paper, the following nomenclature is used: 


NOMENCLATURE 


Q;, volume rate of flow measured at pressure P;, M cu. ft. per day. 
P,, pressure base for Qo. 

ee ee 
6 References are at the end of the paper. 
* There will be considerable deviation from the perfect gas laws in the early life 


~. of a high-pressure gas field, but, by the time abandonment is considered, the amount 


of departure will be negligible. 
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P,, pressure (within the reservoir) at the drainage boundary, lb. per 
sq. in. 
P.,, pressure at the well bore—bottom of the hole, lb. per sq. in. 
Pn, mean pressure in the reservoir under any given flowing condition, 
Ib. per sq. in. 
P, pressure at any value of the drainage radius R, lb. per sq. in. 
P,, pressure at any assigned value of R = Ry. 
R;, radius of drainage, ft. 
R, any value of drainage radius, ft. 
R,, any assigned value of R, ft. 
Rw», radius of the well, ft. 
R,, radius of the reservoir, ft. 
t, sand thickness, ft. 
k, permeability of the formation, consistent units. 
ut, viscosity of the gas, consistent units. 
B, porosity, per cent. 
C, constants observed for any particular well. 
A, area drained by any producing well, sq. ft. 
V,, volume of gas left in abandoned reservoir measured at P», cu. ft. 


EQUATIONS 


The Poiseuille-Fanning equation for the radial flow of gas* is: 


1 
aa 2|n 
Of atk) Py? — Pwo? (nae ls (1) 
uPs log Ry 
aigc 
1 
_ Qntk| (Py? — Po®)(n — aA 
ia eee le ae uo 


These equations were derived analytically by Muskat and Botset® in 
1931 and had previously been demonstrated experimentally by Pierce 


* It might be well to point out that according to the classical laws of fluid flow the 
case n = 1 in equation 1 corresponds to viscous flow or Poiseuille’s law; n = 2 corre- 
sponds to completely turbulent flow (Fanning’s equation); intermediate values are 
states between viscous and turbulent. In application of this theory to gas production 
it should be remembered that the flow through consolidated sands is almost 
invariably viscous. This can readily be seen from the Reynolds Criterion. At 
extremely high rates of flow, as in open flow to the atmosphere from high-pressure 
wells, turbulent conditions may exist in the immediate vicinity of the well. However, 
this condition is not one that will in any way affect the problem under consideration 
here, and so far as this study is concerned only viscous flow need be assumed. The 
equations for turbulent flow are included solely for the purpose of indicating that the 
pressure-gradients and consequent average pressures were such as to preclude any 
possibility of their occurrence in actual production practice. 


So ee | 
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and Rawlins.” The generalized empirical formula set up by the latter 


IS: 
1 


Q = C(P? — Pw?) [3] 


The coefficient C and exponent n being observed values for any particular 
well. 

The relation between equations 1 and 3 for the condition where 
n = 1 can be seen readily when the constant C is made equal to 


atk f 
uP, log. a 


In the seven factors, two constants appear (7, Ps). The values of ¢ and 
R, are known from the drilling or geologic data. The viscosity of the 
fluid, », can be measured experimentally. The other two variables 
(k and R,) are unknown.* If it is assumed that k and Ry; cannot be 
determined (a point that will scarcely be conceded), it is nevertheless 
possible to set up limits between which the actual values must lie. For 
example, the limits of R must necessarily be R, and R,. 

Consequently, by making a ‘“‘back-pressure”’ test of a gas well accord- 
ing to the method outlined by Pierce and Rawlins,’ the pressure differen- 
tial across the producing reservoir under any specified flow conditions can 
be determined. From equations 1 and 2, equations 4 and 5 may be set 
up to show the pressures along any radial line from the well to the edge 


of the reservoir: 


DAN 2 
p: a?! = log. Siar aeaethal fiat) 4} 
loge aa He 
Ye 2 
pin PoP eR) +PY eB 
i aa w 


in which P is the pressure required at any distance & to deliver gas to 
the well bore at rate Q. 


* While the permeability can (theoretically) be determined in the laboratory from 
core samples, the assumption that such results apply to whole fields may be grossly 
erroneous; and, since the radius of drainage enters the above equations in the loga- 
rithmic form, any small error in k causes a considerable error in R;. Conversely, an 
error in the value of Ry must beof great magnitude before causing an extreme error 
in k. 
+ For any boundary conditions as to pressure and radius, any pressure gradient 
surface, or radial curve from the well to the edge of the reservoir has a definite form 
that may be represented by equations 4 and 5. Hence, any two points on the curve, 
such as P, and Py, at Ry and R;, determine its entire characteristics, regardless of 


whether R is greater or less than Ry. 
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The average pressure in the sand under flowing conditions may be 
obtained by integrating expression 4 with respect to R: 


ye 
9 rf 'R ors Pw Noe — dR 


fag = Rz [6]* 
2x} Rdk 
_ 2 pep Pe-Po?, Bp!” 
Pa = 73 f. | ats log. + Pe | dR [7] 
Se as 
By the use of equation 4 and MacLaurin’s theorem, equation 7 
becomes: 
el pes P2 P4 2\* Pz 
one grof 2 HOG 
= a. tr Pw, = eae 
= a a= eo b=Py a log. Ru 
loge a 


Integrating equation 8 between limits and noting that F#,. is negligible 
in comparison with R, and that at Ry, Pm = Pw: 
Ohi 


4P6 
Diep aire |? (b+ +) When n = 1 
[9] 


While this series converges, the rate of convergence is small and is 
of no practical use in calculation. Since it is evident that the pressure 
gradient will be concentrated at the well bore, we can make an approxi- 
mation of the average pressure (which should be practically identical 


with the exact figure when R, = #) by determining the integral along 


the line R, — R,. Under this assumption, equation 4 integrates to: 


P,? — P,? 
pe en Re Rz Rez 
og | fr log. RaR — flog. RudR | + f"P2ar 
a ae R, rae Ie 
(n=1) [10] 
Integrating between limits as before: 
Pi? — Py? fs 
Pig cS (log. Rz — 1 — log. Ry) + P,? Ce ke aE 
log. p 


*See page 156. 
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Equation 5 may, when n = 2, be integrated directly as: 


ms | 2bR t+ a a ee eae 
Pn = Fe | eg VOR ak ~ S5loe. (VoReF aR + EA) 


[12] 


Where = Lg kere oe 


Since this equation is inconvenient for calculation, we may here use 
the approximation: 


ene = w 
fie =e lite 
R (nA 1) [13] 
z P2 — Lee R,}”™ \% 

Was => lees <= ees mrs — Ra) +P.| 2 >n> 1 [14] 

R a 

§ att wilt Te R, 

pepe toes Rh. — ) + RsP.? 
ae é w n=2 [15]* 
Rw x 


A well closed in will have a radius of drainage equal to R,. As the 
well is opened the radius of drainage expands from Ff, and at any instant 
has the value R,. This value isnot knownfrom test data. Intheabsence 
of interfering wells, it may be assumed that, in time, R, will approach 
the boundary of the reservoir, which is also the absolute upper limit. 
The lower limit of R, has no such definite value once the well is opened, 
but we will assume that 104 ft. (one-acre spacing) is the minimum 
under test. 

It should be kept in mind that the assumption of a drainage radius 
equal either to the reservoir radius or to 104 ft. is not as artificial as it 
appears. The actual value must lie somewhere between these limits, and 
calculations based on these limiting values may indicate that certain con- 
clusions will be true for all intermediate values. 

From a practical standpoint the flowing life of a gas well is limited 
to that time during which sufficient gas can be produced at a high enough 


* The writer does not intend to imply that the integrations 11, 14 and 15 are solu- 
tions, in the rigorous sense, of equations 4 and 5. They are merely more convenient 
methods of approximating the exact values of equations 9 and 12 than is graphical 
integration. Graphical integration of the specific case to be discussed for the con- 
ditions R; = 104, R. = 104, n = 1 gives a value of P,, only 2.7 per cent greater than 
the approximate solution of equation 11; while an exact solution for similar conditions 
from equation 12 gives identical results, to four significant figures, with the approxi- 
mation 15. 
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pressure and at a cost not greater than the value of the gas. At this 
abandonment time, certain pressure differentials exist across the reservoir, 
dependent upon the spacing, and the volume of gas abandoned will be: 


t:A16:P m ee 2 (‘A6P=) 
cae feo > oo [16] 


A being the area drained by each producing well, and 6 the porosity of the 
formation. It is also assumed that these areas are equal and the forma- 
tion is homogeneous. Hence, since P,, has been determined to be the 
expression shown in equation 11, the total volume of gas abandoned 
becomes, for uniform well spacing and a homogeneous formation: 


Ws 


2 ¥% 
LAB LF log, Rebs lon hoe 
log. =— 
R. 
tos > P; 
(qt 11) 117) 


APPLICATION TO A SPECIFIC EXAMPLE 


The specific field to be considered has the following characteristics: 


Depth of producing formation..... 4,800 ft. 

Sand thickness sien. cose te 19 ft. 

POTrogity.. sat: «teat ee ed 23 per cent 

AYOay sel non, seta, saree Opa MCe 11,060 acres 

Initial formation pressure......... 1,950 lb. per sq. in. absolute 
Initial reservoir contents.......... 278,000,000 M cu. ft.* 

Gravity/of gasses ac ee ee 0.62 


* Deviation from Boyle’s law not considered. 


A typical producing well in this field was tested and found to have a 
characteristic equation of: 


Q = 0.01698(P/2 — P,2)10 [18] 


Q being measured at 14.7 lb. per sq. in., Py and P.. in pounds per square 
inch absolute. The diameter of the well bore is 6 in. 
The abandonment conditions are assumed to be: 


Delivery capacity per well............... 100 M cu. ft. per day 
Well-head pressures, acumen wae ie 64.7 lb. per sq. in. absolute 


The bottom-hole pressure under these conditions would be 71.4 lb. per 
sq. in. abs., and from equation 18 P; is found to be 104.8 lb.. The two 
limits previously mentioned may now be introduced, and the assumption 
made that the abandonment pressure exists either at Ry = 104 ft., or at 
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TABLE 1.—Pressures at R., and Average Pressures within the Area Bounded 


Rz, Ft. 


104 
330 
660 
933 
1,320 
1,867 
2,640 
12,384 


When Ry = 104 Ft. 


Pz 


104.8 
110.0 
113.1 
114.6 
116.0 
117.5 
118.9 
125.1 


by Rz 
When Ry = 12,384 Ft. 
Pn Ps Pn 
100.0 91.5 88.5 
105.5 94.9 92.0 
108.7 96.9 94.0 
110.2 97.9 95.0 
111.8 98.8 96.0 
113.2 99.8 97.0 
114.7 100.7 98.0 
121.1 104.8 102.2 


TaBLe 2.—Volume of Gas Unrecovered at Abandonment under Various 


Spacings 
Ry = 104 Ft. Ry = 12,384 Ft. 
Acres per Well Rz 
Volume, Percentage of | Total Volume, | Percentage of 
M2 Cu. Ft. Original Volume} M2 Cu. Ft. Original Volume 

1 104 14,470 5.21 12,766 4.59 
10 330 15,248 5.48 13,265 4.77 
40 660 15,704 5.65 13,552 4.87 
80 933 15,919 5.73 13,696 4.93 
160 1,320 16,140 5.81 13,836 4.98 
320 1,867 16,343 5.88 13,979 5.03 
640 2,640 16,557 5.96 14,119 5.08 
11,060 12,384 17,467 6.28 14,716 5,29 


TABLE 3.—Gain in Ultimate Recovery of Spacing A over Spacing B 


Mixuions or Cusic FEET 


“Reve A, 


Spacing B, Acres per Well, Re = 104 Ft. 


cres ne 


10 


40 80 160 320 640 11,060 
1,234 1,449 1,670 1,875 2,087 2,997 
456 671 892 1,097 1,309 2,219 
215 436 641 853 1,763 

221 426 638 1,548 

205 417 1,327 

212 1,122 

910 
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R; = 12,384 ft.* The pressure distribution at various distances R., 
and the average pressures are shown in Table 1. Table 2 shows the 
volume of gas that will be abandoned in the reservoir under various 
spacing programs. Tables 3 and 4 compare the effects of the various 
spacing programs upon gross recovery and recovery per well. 

There seems to be little question about the conclusions that must be 
drawn from this analysis. Intensive drilling in gas reservoirs will increase 


TaBLE 4.—Gain in Ultimate Recovery for Each Additional Well under 
Spacing A over Spacing B 
THOUSANDS OF CuBIC FEET 


Spacing A Spacing B, Acres per Well. Rz = 104 Ft. 
creel peed | 40 40 80 160 320 640 11,060 
1 | 11,060 78 114 133 152 170 189 271 
10 1,106 549 693 860 1,023 1,202 1,905 
40 276 1,558 2,106 2,649 3,293 6,411 
80 138 3,203 4,096 5,273 | 11,299 
160 69 5,942 8,019 | 19,515 
320 34 12,471 | 34,000 
640 17 56,875 


the ultimate recovery but slightly. Even under the approximate solution 
given, a single well on each acre, or 11,060 wells for the entire field, would 
recover only 2,997,000 M cu. ft. more gas (1.08 per cent of original contents) 
than would be recovered if but a single well were drilled in the entire field. 
(See Table 2.) 


Any refinement of the mathematics presented above will only serve to 
accentuate the insignificance of this additional recovery. Nor will such 
a recovery be net gain. Gas will be required for drilling, operating and 
testing the wells, and under normal field conditions, will come from the 


* The assumption of two drainage radii (which implies two values of the permea- 
bility) can be substantiated on these grounds: assume the field to be drilled to its 
maximum density (one well per acre) and a test made on the central well, Ry = 104 ft. 
If other wells are closed in and the spacing thereby varied, the gradients will conform 
to those given in Table 1. In the field with only one well, the value of Ry is 12,384 ft. 
If the field is drilled to various densities the gradients will conform to those in the 
second part of Table 1. The fact that one test was used for both these examples does 
not invalidate the conclusions, especially since the actual conditions governing the 
specific example were approximately halfway between the extremes illustrated. 

} The writer wishes it expressly understood that this discussion must not be con- 
sidered as a proposal to drill but a single well in gas reservoirs. The number of wells 
to be drilled in a particular field should be determined by the demands of the various 


pipe lines that serve the field. Any drilling in excess of such requirements is wasteful, 
unnecessary and uneconomic. 
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reservoir that is being developed. It is evident therefore that intensive 
drilling for the purpose of increasing the ultimate recovery will defeat 
itself at the point where the gas used in drilling, operating and testing the 
well exceeds the increase in ultimate recovery that results from the 
intensive drilling. 
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APPENDIX 


A more direct solution of equation 6 may be easily obtained. Con- 
sider a function ® = f(R) so that: 


Leb hans 
iS ae Be (108s 7) + 
ne 


Rit ort ey 
R= Tess @ = @, 


Integrating, we have: 


which becomes: 


Ee nee Ei the, sete + ®, 
lo a ee 
Se R, 


when 
R, >> Re. and at R = Ro, ®, = Bo 


Letting @ = P, we have the average pressure in a radial channel 
flowing an incompressible fluid; if 6 = P? we have the average square of 
the pressure in a radial channel flowing a gas. Evidently, for the particu- 
lar condition discussed in the paper: 


= 2 % 
7" (lo. =~ 3 5) +- W hg: = 


2 
Peis R ik 
PS ay (lows  — 3) + Pe 


This shows that for a quite close approximation the average pressure 
in a radial channel can be taken as the pressure at 6{9 the drainage 
radius, and in any event it must lie between 50 and 60 per cent of the 
radius of drainage. 


DISCUSSION 
(T. V. Moore presiding) 


KE. S. Burnerr,* Washington, D. C. (written discussion)—Mr. MacRoberts’ paper 
represents considerable study and effort on the author’s part and affords a concrete 
picture of a situation long recognized, but perhaps not fully appreciated heretofore. 
i EC 


* Senior Mechanical Engineer, Petroleum and Natural Gas Division, U. 8. Bureau 
of Mines. 
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The factor (n — 1) of his equation 2 should be (1 — n), for with 2 > n > 1, the 
denominator of the bracket of that equation is negative. 

The author bases his tabulated comparisons upon the assumption that equation 18, 
found to hold for a typical producing well in a certain field, would also hold for any 
and all wells that might have been drilled in the field, regardless of the spacing. 

Thus a horizontal comparison of his P,; values in Table 1 with his assumed constant 
Py of 71.4 lb. per sq. in. absolute shows on the average a 63 per cent greater pressure 
drop when R; = 12,384 ft. for the same flow over identical distances from the well 
than when R; = 104 ft. This discrepancy corresponds to a maximum variation in 
permeability k, of the order of 4 to 7, and to a different value of k for the field for each 
spacing assumed. Rather than to make such an assumption, which seems untenable, 
it would have been better to assume some average value of permeability for the whole 
field and adhere to that value. : 

With an average k, equation 18 corresponds to an Ry of 1208 ft. (approximately 
105.2 acres per well). The corresponding pressure distributions for the various 
assumed well spacings computed on this basis are then consistent in yielding identical 
pressure gradients over equal distances from the well bores for a given flow, as they 
should be. The author’s remarks in the footnote on page 154 do not seem to justify 
the assumptions, when a consistent one could have been handled as easily. His 
conclusions, however, would not be affected appreciably. 

The mathematical developments, equations 6, 7, 8, 9 and 12, appear superfluous, 
since the author immediately discards them as useless. Possibly equations 8 and 12 
may be serviceable to some readers, who are interested in their mathematical exact- 
ness. To this commentator the author’s approximate method of computing P» 
appears to lack mathematical support, and is justified only by the comparison men- 
tioned in the footnote on page 151. All of the P,, values of this paper are based upon 
assumed: circular drainage areas about each well, with radii equal to one-half the 
spacing; they are applied to the corresponding circumscribed square areas, which are 
the actual drainage areas of a homogeneous structure drilled on a square pattern. 
Consequently all computed mean pressures, and unrecovered volumes dependent 
thereon, are too small by slight amounts. 

Despite these inconsistencies of estimates, resulting from neglect of what the author 
may have considered to be unnecessary refinements of mathematics, and disregarding 
the time factors of depletion, Mr. MacRoberts has presented a forceful picture of the 
uselessness of drilling wells closer than is necessary to supply the demands on a gas 
field, in the vain hope of materially increasing the ultimate recovery thereby. 


D. T. MacRoserts.—Mr. Burnett is incorrect in assuming that each spacing 
shown requires a different permeability constant. The two calculations headed 
Ry = 104 ft. and Ry; = 12,384 ft. do demand different permeabilities—they are 
expressly stated as the limits within which the true value must lie. I see no more 
justification for taking the average of these limits than for using the limits themselves. 

The assumption of the steady state, as is at present necessary, in itself is a more 
serious error than any of the matters mentioned. For that reason the P,, values are 
based on a circular area and are extended to the square areas by the basic assumption 
whereon equations 1 and 2 are set up: that there was no pressure gradient at R > Ry. 
The insignificance of this difference would not be apparent and the Pm values would 
appear to be extended directly to the squares. 

As for the mathematics, I believe that it is necessary in a case like this to show: 
(1) that an exact solution does or does not exist : (2) that it cannot be applied in the 
particular case; (3) that a satisfactory approximation can be made. The validity 
if the expression means anything, depends solely upon the degree 


f ximation 
ata Thus for Ry = 104 ft., R. = 104 ft. under Table 1 we 


to which it approximates. 
can derive: 
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Gauss law ofithemmean...4)2.- eee een enna Pm = 101.7 
; ; : : Pm O210 

ce ” ™m™ 
Average ‘‘potential”’ as given in this note............... re < 102.4 
Graphical integration.. 24 .c2eeae eee een nearer Pe O26. 
Equation lly wcachndite ts atieee aad meee Seema tear tee P» = 100.0 


Since the value 102.3 lb. is more nearly correct, the error in equation 11 is 2.2 per 
cent. The net effect of the approximation used is to indicate a slightly higher recovery 
for each additional well than would actually be obtained. 

The time element of depletion is to be covered by a new paper this year. 


Application of Vaporization Equilibrium Constants to 
Production Engineering Problems 


By Donatp L. Karz,* Junior Memper A.I.M.E. 
(Oklahoma City Meeting, October, 1937) 


THE equilibrium constants developed by Souders, Selheimer and 
Brown" have been very useful tools in predicting vapor-liquid equilibria 
during the past five years. Their equilibrium constants were computed 
by assuming ideal solutions and recognizing the deviations of vapors from 
ideal gas laws. The same fundamental concepts were used by Lewis and 
co-workers’ for predicting vaporization phenomena by means of fugacities. 

The equilibrium constant is defined by equation 1: 


bes 
v=K [1] 


in which K = equilibrium constant, 
y = mol fraction of a constituent in the vapor phase, 
x = mol fraction of the constituent in the equilibrium liquid 
phase. 

’ The equilibrium constants are a function of temperature and pressure 
and might be considered as replacing the ratio of the vapor pressure to the 
total pressure of Raoult’s law. They may be used to compute the vapor 
or saturation pressure of a liquid or the dew point of a vapor for any 
pressure or temperature from the analysis of the mixture much as Raoult’s 
law is used. Likewise, the quantity of a mixture that will vaporize at 
any equilibrium temperature and pressure and the composition of the 
vapor and liquid may be calculated. 

The purpose of this paper is to review the available equilibrium data 
of interest in petroleum production, to discuss the auxiliary physical 
properties of the hydrocarbons, and to present typical uses of the equilib- 


‘rium constants. The particular applications chosen are the computation 


of the results of stage separation of crude oil and natural gas, the calcula- 
tion of a pressure-volume curve of a crude oil-natural gas mixture, and 
information gleaned from a consideration of reservoir equilibria. 


Manuscript received at the office of the Institute Sept. 8, 1937. 
* University of Michigan, Ann Arbor, Mich. 
17 References are at the end of the paper. 
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EQuILIBRIUM DaTA 


Conditions encountered in crude-oil production are in the range from 
atmospheric pressure to above 3000 lb. per sq. in. and from about 30° 
to above 200° F. Under these conditions, the primary vaporization 
occurring in the natural mixtures consists of nitrogen, methane, ethane, 
propane, etc., through the compounds predominant in natural gasoline 
such as heptane or octane. The initial equilibrium constants” did not 
cover the desired pressure range and neither Brown’s equilibrium con- 
stants nor Lewis’ fugacities were of the desired accuracy in crude-oil 
mixtures for methane, the most prolific compound. Therefore only 
recently have satisfactory equilibrium data been available with the 
presentation of the experimental equilibrium constants obtained in the 
laboratories of Phillips Petroleum Company.* 

Equilibrium constants were determined on a naturally occurring 
mixture of crude oil and natural gas at 40°, 120°, and 200° F. at pressures 
from atmospheric to 3400 lb. per sq. in. The vapors and liquids in 
equilibrium were analyzed by low-temperature fractionation for methane, 
ethane, propane, butanes, pentanes, hexanes and heptanes and heavier, 
the analyses providing the values of y over x or K for the constit- 
uents. Fig. 1 shows the data obtained at 120° F. as points with the 
smoothed curves inserted. Similar data were obtained at 40° and 200° F. 
and general plots were made of equilibrium constants versus temperature 
(—30° to 270° F.) lines of constant pressure (5 to 3000 lb. abs.) for the 
several constituents methane through heptane. 

The light straight lines of Fig. 1 represent the equilibrium constant 
based on vapor pressures and Raoult’s law. The latter is inaccurate at 
pressures above 300 lb. and at all times for constituents above the critical 
temperature of the pure compound. 

The rise of the equilibrium constants to unity at a critical pressure 
of 5000 Ib. for the particular mixture studied explains clearly the occur- 
rence of constituents of high molecular weight in appreciable quantities 
in the vapor phase at high pressures. For instance, pentane is as volatile 
in the mixture studied at 3000 Ib. and 120° F. as at 135 lb. and 120° F. 
The critical pressure is the pressure at which the vapor density equals the 
liquid density and only one phase exists. 

This converging of the K’s to a critical pressure injects another vari- 
able in addition to temperature and pressure on the value of K for a 
particular case. Fig. 1 also shows the equilibrium data of Sage and 
Lacey” on methane and propane in a binary system and indicates that 
the systems agree, but that equilibrium constants for mixtures having 
widely different critical pressures should not be expected toagree. Kay’s® 
recent data on the ethane-heptane system is also shown on Fig. 1, giving 
good agreement of ethane K’s but lower values for heptane than the 
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extrapolated heptane values in crude oil primarily because Kay used 
n-heptane and the crude-oil heptanes contain a large proportion of lower 
boiling isomers. However, these binary systems and other data point 
to the probability that mixtures having intermediate critical pressures 
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‘Fic. 1.—EQuILIBRIUM CONSTANTS AT 120° F. 


between the binary systems and the crude oil would have K’s correspond- 
ing to curves converging to unity at the critical pressure for the particular 
system and possibly symmetrical with the systems shown. 

Two sets of gas and liquid analyses of trap samples have been reported _ 
by Sage and Lacey!* "4 and trap samples properly taken are known to be 
representative of equilibrium conditions. The comparison of the K’s 
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with those of the charts for the crude oil-natural gas system are given by 
Table 1. The Kettleman Hills sample checks reasonably well and shows 
that although the critical of the mixture is likely to be less than that for 
crude oil, the convergence at 510 Ib. is not significant. The ethane K 
of Kettleman Hills sample shows a subnormal value when XK is plotted 
as log K versus temperature of atmospheric boiling point of constituent. 
The Conroe data differ considerably from those of the charts, possibly 
because of differences in chemical nature of the solvent or crude oil. 
However, discrepancies between individual sets of equilibria should not 
be used to form conclusions, as shown by irregularities of the data of 
Fig. 1 from the smoothed curves. 

The recommended procedure for selecting equilibrium constants for a 
mixture is to use the crude-oil natural-gas data with adjustments for 
critical pressure of the mixture. It may also be necessary to adjust the 
constant for methane if the base of the crude oil is of a vastly different 
chemical constitution from that of the Oklahoma City crude. Cyclic 
compounds tend to raise the equilibrium constant for methane over 
similar paraffins. 


TaBLE 1.—Comparison of Equilibrium Constants 


Equilibrium Constants 


Constituent é : 
Kettleman Hills Charts of Crude Oil 
Trap Samples at Natural Gas, 
510 Lb. Abs., 148° F. 510 Lb., 148° F. 
Miethaner 3 ¥.8 We ote te eer iurmare maeeatee are ret) 8.0 
thane mtie ce tcc Sees Ree niente 1.38 1.86 
IPrOPANe Fate sensi hoey-tes hateacee, see ete ee aketeeten ole ne 0.816 0.72 
S-BWbATOR Rs cee him ote ae I) henner 0.34 
P=DUEATIC, BPE at ps ort ONe Tee CT Oe 0.251 0.305 
4-PONTANG sok. aioe catered NT Rts Hee cat a tle 0.148 
PAPCNTANCS, sie Gue'sos a.4.0 codeine Mreatet i sls wisisucters, «> 0.074 0.12 


Conroe Trap Samples Charts 
42.4 Lb. Abs., 68° F. | 42.4 Lb. Abs., 68° F. 


Methaney.. wor ttenton nie team ne cite ene 149 84 
HUD ACs siieatis cc... hy ee Reece ae renee 16 10.6 
PHOpgNe, Gras gitssniaccr healer emote poem lager 3.15 2.8 
Butanescnpenvs se rs ye eee aL tol 0.97 0.92 


PuHysicaL PROPERTIES OF THE HYDROCARBONS 


The calculation of the behavior of hydrocarbon mixtures from a Molal 
analysis and the equilibrium constants results in the molal quantities 
present in each phase and the molal composition of the phases. This 
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approach to the problem of understanding the properties of hydrocarbon 
mixtures is quite different from the direct measurement of the specific 
volume of a mixture, as done by Sage and Lacey," or the differential 
vaporization of a high vapor-pressure liquid as initiated by Lindsly.® 
The later methods give accurate information for particular cases but 
fail to give a method of predicting the behavior of other mixtures. Also, 
the methods are not particularly concerned with the individual phases if 
two phases are present and do not follow the behavior of one phase if 
it is separated from the other. If the equilibrium constants and the 
physical properties of the volatile hydrocarbons were known when the 
constituents are present in all types of mixtures, it would be possible to 
compute the results of all the physical measurements made, in addition 
to the following of a particular phase and a knowledge of the constituents 
present. This ultimate goal is the objective of Sage and Lacey in their 
research project for the American Petroleum Institute. 

At the present time reasonable estimates may be made of the volu- 
metric properties of a hydrocarbon mixture under many conditions in 
either the liquid or gaseous phase. These computations require a knowl- 
edge of the partial volumes or apparent densities of the several constitu- 
ents in either phase. The viscosity and specific-heat data primarily 
from Sage and Lacey are also approaching the stage that will permit the 
estimation of those properties from the analysis. 

As an example of the computation of liquid densities, assume that a 
vaporization calculation resulted in the molal analysis of the Kettleman 
Hills trap sample of Sage and Lacey.!? The molal analysis can be con- 
verted to the weight fractions reported by means of the molecular weights 
“also reported. Table 2 shows such a conversion using the liquid densities 
at 60° F. to obtain the density of the mixture by assuming additive 
volumes. The change in density with temperature of the mixture at 
saturation pressure is best obtained by comparison with this variation 
for other saturated hydrocarbon liquids, as shown by Fig. 2. If the 
density of the trap sample at saturation pressure is assumed to follow a 
curve parallel to normal hexane, the values tabulated as calculated values 
in Table 2 are obtained. This check and the behavior of the saturated 
densities of Conroe depth sample,'* natural gas in Dominguez crude," 
methane in crude oil!® and methane in Crystal oil,!' as compared to pure 
hydrocarbons and the National Standard Petroleum oil tables, show that 
the saturated liquid density of a normal petroleum mixture at any tem- 
peratures existing in crude production may be estimated from the density 
at 60° F. and data such as shown in Fig. 2. 

The choice of apparent densities at 60° F. of the more volatile hydro- 
carbons, especially methane, is not an easy task, as they may vary with 
saturation pressure and composition of the mixture. The value of the 
density for methane used in Table 2 was taken from earlier data of Lacey, 


164 VAPORIZATION EQUILIBRIUM CONSTANTS 


Sage and Kircher’ and the values of other pure hydrocarbons are the 
actual pure compounds. The check on the Kettleman Hills trap sample 
may be fortuitous but enough data are now available so that some correla- 
tion of the densities could be made. 
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Fig, 2.—SATURATED DENSITIES OF THE HYDROCARBONS. 


The densities of saturated and of superheated vapors may be approxi- 
mated by finding the deviation of the mixture from ideal gas laws. The 
method presented by Kay® of calculating pseudocritical temperatures 
and pressures of gases by weighing the critical conditions of the pure 
compounds on a molal basis and using the deviation of the gas from ideal 
gases equal to methane (preferably) or ethylene at the same reduced 
conditions appears satisfactory. Also, the method‘ of using the deviation 
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from ideal gases of a mixture-of methane and propane of the same molecu- 
lar weight as the gas and at the desired temperature and pressure is 
convenient. Both of these methods will permit the computation of the 
densities of the Kettleman Hills trap-gas sample within about 3 per cent 
of the experimental values over the entire range investigated from 70° 
to 220° F. and atmospheric to 3000 pounds. 


TaBLE 2.—Computation of Liquid Densities of Kettleman Hills 
Trap Sample! 


Constituent n relsht. Grant LUE easter! & 
IMIG d OR WoT iy Sian axe ane i te ae Re eee 0.0193 0.33 0.0585 
ISAT MR APeey A etn ens SEAR Gehege ane 0.0221 0.40 0.0552 
ETO DAILOMet weeeey sare este tons Sa 0.0282 0.509 0.0554 
EDULE Chats Siky eee atom iia. i +) 06% 0.0156 0.564 0.0277 
(PA OTL ARIE pet Orton eet ett eae 0.0464 0.584 0.0795 
PaOMl AN Commies xMercie, Aches) aug ta eas 0.0332 0.625 0.0531 
FELTING Ne 6 > Sorc eee Cenc ae 0.0372 0.631 0.0590 
VEX AN CSR ier etiam ie ies Set snse) weke 0.0705 0.668 0.1056 
H522=08O0°R boils ptas sacs... 2s 2 0.0740 0.7019 | 0.1054 
WSO f= 2G pepe tire eral teres ae ssavec ise phos 0.0772 0.7223 | 0.1070 
PO) Gil Oana rte eye Meee arc iin sass 0.0796 0.7347 | 0.1087 
BSR Ae 5 fae, Ce Une cae 0.0797 0.7466 | 0.1069 
GPT sch te sateen Renerns ear ena ae 0.0809 OF 515 Onl 77, 
25 ee 280 geet ae hon tie eens see B¥ 1 0.0819 0.7607 | 0.1077 
DSQG= SO Len eertrel ac tae sin wal cna 0.0831 0.7720 | 0.1078 
SOM OSS peel eek: eae der eeloti sie aes 0.0839 0.7788 | 0.1080 
PRESICLULG se een ti atti: eibace +e) Siok sects Tan 0.0873 0.8110 | 0.1076 
1.0000 1.4608 density = 0.6846 


Temperature, Deg. F Serre tana Coan eta 

60 0.6846 
70 0.681 0.6831 
100 0.666 0.6700 
130 0.652 0.6543 
160 0.637 0.6379 
190 0.621 0.6211 

220 0.604 0.6043 


These two properties, gas and liquid densities, when known will 
permit the conversion of molal gas and liquid analyses and molal per- 
centages vaporized into volume per cent vaporized or shrinkage on flash- 
ing. Also, pressure-volume curves may be computed and the densities 
of either. gas or liquid streams may be calculated when desired. 
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The compressibility of liquids and viscosity of gases at low pressures 
may also be estimated from analyses by comparing with data on mixtures 
of comparable molecular weight and density. The viscosity of liquid 
mixtures can only be roughly estimated with present correlations but 
added data by Sage and Lacey should provide a reliable method for 
predicting this property. 


STaGE SEPARATION 


Stage separation is the equilibrium vaporization of natural gas from 
crude oil in two or more successive steps at different pressures. By 
separating a crude oil from the natural gas at a high pressure, the gas is 
available at a high pressure and the vaporization of the natural gasoline 
hydrocarbons are suppressed at the high pressure. The equilibrium 
constants enable the computation of the gas quantity and composition 
as well as the oil composition and gravity for any series of vaporizations 
from the analysis of the mixture vaporized. Computations will show 
the effect of using any system considered and often they will give results 
where experimental methods are impractical. 

The commonest method of separating crude oil and natural gas is 
a single separator with the liquid going to a lease tank at atmospheric 
pressure. Table 3 gives the complete calculations of the separation of 
gas from an oil at 34.7 lb. abs. (20-lb. gauge) and 80° F. in a separator 
and subsequent flashing of the separator liquid at 14.7 lb. abs. and 80° F. 
The crude oil (column 1) used is a liquid from the equilibrium experi- 
ments® and is similar to saturated crude oil at 140° F. and 2175 lb. abs. 
The equilibrium constants (column 2) were taken from the data based 
on Oklahoma City crude oil. Columns 3 and 4 and columns 5 and 6 are 
solutions of equation 2? to find a calculated value of the mols vaporized 
equal to an assumed value. 


F z ee 
eens te 2] 
= 


in which x = mol fractions of constituents in separator liquid, 
F = mols of feed mixture to a separator—taken as unity, 
v = mols vaporized, 
z = mol fractions of constituents in mixture going to separator, 
K = equilibrium constant at separator temperature and pres- 
sure. 
Equation 2 may be written: 


cee a) 
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TABLE 3.—Vaporization Calculation 


VAPORIZATION OF WELL Fiuip at 80° F., 34.7 Ls. Ass. 


if 2 | 3 4 
Constituent Mol Fraction (z) | K at 80° F., K+0.7 z 
Well Fluid 34.7 Lb. Abs. i iON 
pone 0.3398 105 105.7 0.0032 
AUEUTVO SFr eilctel stat ete avevelipe siatetste eis nieve. aPerele (ais ace 0.0672 14.8 15.5 0.0043 
PTODATIO Ms ce lence use 0.0672 4.1 4.8 0.0140 
Butanes 0.0515 1.35 2.05 0.0251 
Pentanes.. Ae 0.0414 0.395 1.095 0.0378 
EDO RATIOS AEN, Kn cttis Sreeccrcter ys vrcras hate ehe osteo: 0.0414 0.148 0.848 0.0488 
Heptanes and heavier 0.3915 0.010 0.71 0.5510 
0.6842 
v assumed 0.5882 
Pee 5 6 Mol Fractions 
onstituen z 
K i wie LK 7 8 
=f O28 K + 0.98 Liquid Vapor 
ILS UINAIRO ciara cys ctoreie fe idieGimiedensie oie oie basie oveusiesrsia! Saco. slelle.© 106. 0.0032 0.00635 0.6675 
MGhane ssid cise cies s 0 Pata cia ysal sis. o what suscsthee aie sf. si alas 15.48 0.0043 0.00841 0.1245 
ERE COTDEL EVO cet rave hic cose ete a) «a ela wile oda cs colslie ales onetereucnentte va oe" sks, 5.08 0.0132 0.0261 0.1070 
Butanes 05.65 00s° ata ie Pircial a teart Sha-8 haha @aeanle's as 2.33 0.0221 0.0437 0.0590 
EC TEG INL OB reste te cro ie ales or uaiGlarore ere eiele ote sal siete wiekeoe.sey oi9 bie 1.375 0.0301 0.0595 0.0235 
WP AIRED stot Git aeiaceta eb atiin s Sileted. 0 ale sel o's Sale ior H)SSSRE pus¥al Oye 1,128 0.0367 0.0726 0.0107 
PE DUAMES AN GGA VACL. syerarpite's es ie.lele1 ee -atpreuscelsi ye) s.’ays ers 0.99 0.3958 0.7834 0.0078 
0.5054 1.0000 1.0000 
vassumed | 0.5051 
VAPORIZATION OF SEPARATOR Liquip AT 80° F., 14.7 Ls. Ass. 
Constituent Li {4 (z) K at 30° F cd a a i 
onstituen iquid (z a on z 
Mol Fraction | 14.7 Lb. Abs. | & + 49 K + 49 K+ TGEEIT 
MVPS thee seis seep inal 0.0063 250 299 0.00002 | 325 0.0000195 
TSO HADIG a hicrels sastere ets 0.0084 34 83 0.00010. | 109 0.000077 
NERO DBE cy crete sel aie heel sites 0.0261 9.3 58.3 0.00045 84.3 0.000309 
DSH 4012) ee eae aaa Berea 0.0437 3.1 52.1 0.00084 78.1 0.000559 
TRON GAMES. o)54 0152.0 ee ae © 0.0595 0.91 49.91 0.00119 75.91 0.000784 
PAOTENECH YS «ccc ec uiess soe 0.0726 0.34 49.34 0.00147 75.34 0.000964 
Heptanes and heavier... 0.7834 0.022 49 .022 0.01598 75.022 0.010442 
0.02005 0.013155 
»v assumed | 0.02000 | » assumed | 0.013158 
es ea eee EE eee 
Mol Fractions 16 Vv FS a Govis 
Constituent Fin a ea Cor- | Mol| Grams | Specific] Centi- 
rected | ‘W¢. | per Mol | Gravity | meters 
Liquid | Vapor | Vapor at 60° I.) ner Mol 
DVRC LAG ora oie ergsfersie wie, = wie erence ee - 0.00148) 0.3710 | 0.364 16 0.02 
Ethane....... PENI Eh ciaiis stave a Sie ayatoe vaio)" 0.00587} 0.1995 | 0.196 30 0.18 0.40 0.44 
{2 Welophee)y Bagley cara cicmoc wd Clg pci 0.02353) 0.2188 | 0.215 44 1.03 0.509 2.03 
DULPAMES Macc ierclesteicccl sccie'e e's oleae 0.0425 | 0.1318 | 0.129 58 2.46 0.578 4.26 
er CATES crc le scopes slaleteraw bia sly einienese 0.0596 | 0.0542 | 0.0541 72 4.29 0.628 6.83 
MEOSARES tcc sale «Sis taisliste a ele bose 0.0732 | 0.0249 | 0.0245 86 6.30 0.665 9.47 
Heptanes and heavier...........--- 0.7938 | 0.0174 | 0.0171 | 225 | 178.6 0.855 | 209.00 
1.0000 | 1.0176 | 1.000 192.87 232.03 


Mol per cent vaporized at 80° F., 34.7 lb. = 50.5; 14.7 lb. = 1.37. 


192.0 srams = 0.831 density corresponding to 38.8° A.P.I. gravity or 291 lb. per bbl. crude at 60° F. 


232 c.¢ 
0.505 mol vapor 
1 mol well fluid 4191 cu. ft. at 60° F. 14.7 Ib. (0.00675 mol vapor 
0.495 mol liquid 2.55 cu. ft. at 60° F. 14.7 lb. 
0.4883 mol liquid 


To convert AR bee ane as Rea feet gas: 
0.505 mol X 378 = cu 
0.4883 mol X 192.9 lb./291 = 6 323 bbl. crude per mol well-head fluid 
1.0/0.321 = 3.09 mols well fluid per barrel crude oil. 
1.56 mols vapor or 589 cu. ft. gas 173 0.021 mol gas = 7.9 cu 
3.09 mols well ftuid { 1.53 mols liquid 1.509 mol fiquid, 291 lb. es “bbl. crude oil 
Calculated shrinkage (reservoir crude = 108 mol wt., 0.743 sp. gr. at 60° F’.) 
0.743 penetty, at 60° F. = 0.718 at 140° F. from Fig. 2 = 251 Ib. per bbl. 
3.09 mols X 19845, = 1.33 bbl. reservoir crude 
Shrinkage = 33.0 per cent based on residual crude. 
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coos is assumed and added to the K for each constituent. 


A value of : 


When the correct fraction vaporized has been chosen, the summation 
will equal the assumed v. It is always advisable to plot v assumed against 
the summation, or v calculated as small differences may still mean a 
rather large error in v. When the correct value of v has been found, 


division of summation of eves = by v gives > or liquid mol fraction 
K + —— 
v 


(column 7). Multiplication of x by corresponding K will give mol frac- 
tion in vapor (column 8) by equation 1. 

The vaporization occurring in the lease crude tank is computed by a 
similar computation using the separator liquid as the feed mixture z. 
This second stage of vaporization is slightly more difficult to solve than 
the former merely because the trial and error solution requires a closer 
check between v assumed and » calculated at low percentages vaporized. 
Fourth-place checks are not always perfect and a plot should be made with 
points on either side of the line of equality. Errors in v calculated will 
be reflected in the sum of the y’s, or vapor mol fractions not equaling 
unity. A discrepancy of one or two mol per cent (column 15) at low 
percentages vaporized is satisfactory and the sum may be reduced or 
expanded to unity if desired (column 16). It is necessary to carry the 
methane and ethane of the liquid to three figures if the correct gas analysis 
is to be computed. Also, the fact that the K for heptanes plus is con- 
sidered constant may give too high percentages of heptanes plus vapor- 
ized, especially at high vaporizations with high gas-oil ratios. 

The calculation of molecular weight and density of resultant liquid 
is necessary to compute the cubic feet of gas per barrel of crude from the 
mol percentages vaporized; likewise, the shrinkage of the reservoir crude 
may be computed as shown in Table 3. In any series of separations, the 
liquid gravities and weight or liquid volume percentages vaporized may 
be computed. Fig. 3 shows the results in the usual units. 

A so-called “‘two-stage”’ separation consisting of vaporizations at 
315, 34.7 and 14.7 lb. abs. at 80° F. was computed for the same crude oil, 
and the results are given by Fig. 4. The calculation of the liquid gravities 
and shrinkages must be done with precision when making comparisons 
like those between Figs. 3 and 4, and slide-rule work, which was used 
in this case, should not be trusted to give gravity results to an accuracy 
of OSA Pie 

These calculations have been made to represent the vaporization of a 
reservoir crude sample when the well produces saturated liquid from a 
reservoir, as when new pools are flowing. If the crude analysis represents 
the reservoir liquid but the well is flowing at a higher gas-oil ratio than 
solution ratio, vaporization computations may be made upon a new 
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mixture. As an example, consider the case of Fig. 3, with an experimental 
gas-oil ratio of 1500 cu. ft. per bbl., and assume that the crude analysis 
represents reservoir liquid at 2175 lb. abs. and 140° F. The gas in equilib- 
rium with the reservoir crude is computed by the vapor-pressure calcula- 
tion of the crude, or where 


27K = Yy=1 [3] 


Table 4 shows the vapor-pressure calculation of the crude oil at 
140° F., using close to the correct pressure and obtaining summation of 


GAS 
MOL FRACTION 
METHANE 6675 -364 
ET HANE 1245 196 
PROPANE .1070 sels 
BUTANES .0590 129 
PENTANES 0235 054 
HEXANES .0107 0245 
HEPTANES 0078 O17! 


589 CU. FT. 9 3CUl bate 


ten 
° a 
1.33 BBL.|“o & 
@o 
a 
saa 
fas 
= 5 STOCK ,TANK 
< 80 F. 
Wd | BBL CRUDE 
388 API. 


Fic. 3.—SINGLE-STAGE SEPARATION. 


Kx to 0.999, or the gas composition in equilibrium with the liquid. The 
reservoir gas may not be exactly in equilibrium with crude but error is 
small in most cases. As the experimental gas-oil ratio is about 900 cu. ft. 
above the saturated gas-oil ratio, as computed, 800 cu. ft. of reservoir gas 
might be estimated as accompanying the saturated crude oil when allow- 
ing for the extra vaporization to occur for some constituents at the higher 
separator gas-oil ratio. The 800 cu. ft. convert to 2.12 mols of gas for 
3.09 mols reservoir liquid for the 1 bbl. crude, so 0.68 mol of gas accom- 
panies 1 mol of liquid. The addition of 0.68 mol gas (column 4) tol mol 
of reservoir liquid (column 1) gives the mixture comprising the well fluid, 
and when converted to mol fractions (column 6) is the feed analysis for 
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Taser 4.—Calculation of Well Fluid for Gas-oil Ratios above Solution Gas 


1 2 4 5 6 

K at 0.68 Mol New Mol 
Constituent Reservoir | 140° F., 4) Fraction Total Fraction 

Liquid | 2175 Lb. y Reservoir Mols Well 

Abs. as Fluid 
Methane :.24% a)tuim claro staea 0.3398 | 2.57 0.8736 | 0.594 | 0.9338 | 0.5565 
Hthane ge cloaemeees 0.0672 | 0.90 0.0605 | 0.0411 | 0.1083 | 0.0645 
PropanOrasiioa. suitcase 0.0672 | 0.52 0.0350 | 0.0238 | 0.0910 | 0.0541 
Butanes.2a0s). e-toc 0.0515 | 0.295 | 0.0152 | 0.0103 | 0.0618 | 0.0368 
Pentanesi jin sotalol note 0.0414 | 0.160 | 0.0066 | 0.0045 | 0.0459 | 0.0273 
Hexanes 50 1.( 1. ycr ene 0.0414 | 0.100 | 0.0041 | 0.0028 | 0.0442 | 0.0263 
Heptanes and heavier..... 0.3915 | 0.0102 | 0.0040 | 0.0027 | 0.3942 | 0.2345 

0.9990 


separator computations at the higher gas-oil ratio. A vaporization of this 
mixture was computed at 34.7 lb. abs. and the liquid again at 14.7 lb. abs., 


to give the results shown in Fig. 5. 


GAS MOL FRACTION 


METHANE 8432 4180 
ETHANE 0948 .2330 
PROPANE 0422 2138 
BUT ANES 0136 0906 
PENT ANES 0037 0268 
HEXANES OOI5 .0107 
HEPTANES t+ OOIO .007 | 


BI eueGUs Fr Ag 
124 CUFT. 


315 LBS.ABS. 80 F. 


HIGH-PRESSURE STAGE 
LOW PRESSURE STAGE 


Fig. 4.—Two-stTaGk SEPARATION. 


14.7 LBS. ABS. 


246).CU.F T. 


vi 

{oa} 

ws STQCK TANK 

g 1 BBL. CRUDE 2 
° 

4 40. API. 

80 °F. 


The calculation of stage separations from crude analyses applicable 
to the system will give results as close as most experimental analyses of 
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the fluids. This statement is based on the fact that liquid analyses are 
likely to be more accurate than gas analyses and the equilibrium-con- 
stant data show that any one analysis may be in error. Thus K from 
smoothed data may compute vaporizations more accurately than routine 
measurements are made and for future conditions for which experimental 
measurements are impractical. The gas analyses may be converted to 
natural gasoline contents by dividing the cubic feet of a constituent in a 
1000 cu. ft. of gas by the cubic feet of vapor per gallon of condensate. 
The gas gravity is the ratio of its molecular weight to that of air. 


GAS 
MOL FRACTION 

C; 7658 514 
CG 0877 153 
& 0691 149 
Cy .0399 093 
Cy .0192 .046 
Ce .0107 0245 
ce (0082 O19! 


5.9 CU-FT. 


1482 CU.FT. 


34.7 LBS. ABS. 


STOCK TANK 
14.7 LBS, ABS. 
80 F. 


SEPARATOR 80 °F 


1 BBL. 374 API. 


Fig. 5.—VAPORIZATION OF MIXTURE OF RESERVOIR LIQUID AND GAS. 


A study of the problems of oil and gas separation will continually 
raise questions that can be solved by variations of the examples given. 
The crude-oil gravity or natural gasoline lost as a function of separator 
pressure may be computed. It may be shown that for low reservoir 
pressures saturated crude oil flashed at 60 lb. gauge in system of Fig. 3 
may lose more natural gasoline in the stock-tank vapors than in the 
60-lb. gas leaving the separator. The effect of gas-lift gas on oil gravity 
or gasoline content may also be computed for any gas-oil ratio. 


PRESSURE-VOLUME CuRVE OF O1IL-GAS MIXTURE 


Pressure-volume curves are often measured for reservoir fluids when 
studying such problems as fluid flow in tubing or oil and gas reserves. It 
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may happen that such curves are desired when the oil to gas ratio has 
changed since the measurements were made or when no measurements 
have been made. In such cases a reservoir crude-oil analysis, the desired 
conditions of oil to gas ratio, temperature, and equilibrium constants 
will permit the computation of this curve. 

The calculation of points on the P-V curve of the Conroe depth sam- 
ple! was made as an example calculation. Unfortunately, the failure to 
publish the density of the hexane and heavier liquid of the analyzed 
sample makes the computation only a partial check with experimental 
results. The calculation of the bubble point or vapor pressure is usually 
made as one point on the curve. Table 5 shows this computation for the 
Conroe depth sample A at 160° F., with the result of 1875 + 25 lb. abs. as 
compared to an experimental value of 1881 lb. abs. 

The depth sample A was yaporized at 500 lb. abs. and 160° F. to 
obtain the volume of the mixture at these conditions. Column 6 is a 
successful trial for solving equation 2 and columns 7 and 8 give the com- 
position of the phases present. The volume of the 0.279-mol vapor is 
computed by ideal gas laws and then corrected for the deviation. The 
method presented by Kay® of computing the pseudocritical temperature 
and pressure by weighting the critical values of the pure compounds 
(temperatures column 9, pressures column 10) according to the analysis 
is shown. The absolute temperature and absolute pressure divided by 
the pseudocritical temperature and pressure, respectively, give the 
reduced temperature (7) and reduced pressure (Pr). The gas was 
considered to have the same deviation from ideal gas laws as methane at 


the same 7, and Pz, or a value of z = it = 0.952. This correction 


when applied to the ideal gas volume gives 3.52 cu. ft. of gas per mol of 
mixture vaporized. 

The calculation of the liquid volume per mol vaporized consists of 
finding the molecular weight and density of the liquid as shown by col- 
umns 13 to 16. The density of the liquid at 60° F. is converted to density 
at 160° F. by Fig. 2. The 0.729 mol of liquid becomes 2.17 cu. ft. liquid, 
or a total volume of 5.69 cu. ft. per pound-mol of mixture. As a partial 
check on the accuracy of the method, the ratio of calculated volume of one 
mol of the mixture at 500 lb. to the volume of one mol at 1875 lb. is com- 
pared with the experimental ratio. The check of 2.42 volumes computed 
to 2.39 volumes experimental is very good but the use of 0.83 as density 
of hexane and heavier as noted may have assisted in bringing the ratio 
closer together. 


RESERVOIR ENGINEERING 


There are many uses of equilibrium constants in every-day reservoir 
engineering problems if analyses of reservoir gases or liquids are available. 
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TaBLE 5.—Computation of Pressure-volume Curve 


VAPOR PRESSURE OF ConROE RESERVOIR CRUDE 


; 1 2 3 
Constituent Mol Fraction K at 160° F. Mol-fraction Vapor 

Subsurface Sample 1875 Lb. Abs. Ke or y 

MIGURAREGH ae oe he eS 0.3225 2.85 0.919 
EULO RL ae a Ae bees EE Cab ee asl od = 0.0424 il (oul 0.0427 
IRFODARG RM oth en ts 0.0335 0.55 0.0184 
BUCH Gat EER IR Re le CON eee be 2 0.0256 0.31 0.0079 
Pentanes........:. TRE Maa ot Oe 0.0218 0.167 0.0036 
Hexanes and heavier................ 0.5542 0.015 0.0083 
0.9999 


FLAsH VAPORIZATION OF CONROE CruDE AT 500 Lp. ABS. AND 160° F. 


1 4 5 6 . 

Mol Kat Mol Fraction 

Constituent Fraction 160° F. K+26 = 7, 8 
oe a a ea! sere Tiqutd Vapor 
NIGtTH ANG ea emcee hahah. 0.3225 8.3 10.9 0.0296 0.1065 0.884 
1S CL ya Rss oe eee ee 0.0424 2.01 4.61 0.0092° 0.0331 0.067 
IPSODAILE MN hE Velod boos betes 0.0335 0.81 3.41 0.00982 0.0353 0.030 
Butanes..... 0.0256 0.35 2.95 0.00868 0.0312 0.011 
Pentanes,............ 0.0218 0.14 2.74 0.00798 0.0286 0.004 
Hexanes and heavier........ 0.5542 0.0048 2.605 0.2125 0.7653 0.004 

» assumed 0.2777 27.9 per cent vaporized 


VOLUMETRIC CALCULATIONS FOR VAPOR 


8 10 11 12 
Critical Piscd 
Constituent | Mol F. Conditions T Beuce Critical 
Vapor Deg. Lb. Ab ise ee Pressure 
Rankine a isk 160° F = 620° R 
Methane...... 0.884 345 673 305 595 620 47 
Ethane....... 0.067 | 552 708 137; 47.4 Va uae 
Propane...... 0.030 668 646 20 19.4 500675 = 0.745PR 
Butanes....... 0.011 750 536 Sad 5.9 PV 
Pentanes...... 0.004 840 484 3.3 1.9 —— = 0.952 from CH; chart. 
Hexanes and ny 
heavier..... 0.004 915 435 3.6 Lad 
377.6° R| 672.1 lb. abs. 
620 _, 14.7 = 
0.279 X 378 X 520 x 500. X 0.952 = 3.52 cu. ft. gas phase 
VOLUMETRIC COMPUTATIONS FoR LiquiIpD 
7 13 14 15 16. 
gable 
- Mol . enti- 
Constituent Fraction ra Grams per Mol eas meters per 
Liquid Mi £ ra 
mo 
INFEST HATCH eR Mee E ni hele wuateik se tient ithe’ ae 0.1065 » 16 1.7 0.35 4.8 
EE GDATLC pyle ty olee.. Rath he, cic « SEER Prd Reon 0.0331 30 L230 0.40 23, 
[PROD AN Games the ae eilere cca Fale, distin oor eS eaes 0.0353 44 1.5 0.509 BAO 
IBTIGAINCS ae 2S Tete a rsNon re < bee oohé ayer ar o's 0.0312 58 1s 0.578 ond 
IBENtANOBS cer ers e chee oe cle ude lu uatmameane a8 0.0286 72 2.1 0.628 3.3 
Hexanes and heavier... jens ssc ves sence 0.7653 172 131.7 0.832 158.8 
139.8 mol wt. 175.3 


0.729 X 


0.755 X 62.4 
1 Ib. mol at 1875 lb. 


2 Assumed as corresponding to mol 


to experimental. 


139.8 


2.17 cu. ft. liquid phase 


= 0.796 at 60° F. corresponding to 0.755 at 160° F. 


106 X 0.02218 = 2.35 cu. ft. liquid 
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A full understanding of equilibrium relations and the properties of the 
phases that may be estimated will prompt many applications of K. 

The most evident relation is that if a reservoir liquid is obtained and 
analyzed in a new well of a pool, the analysis of the gas-cap gas if present 
can be computed for the reservoir temperature and pressure. Similarly, 
if a gas well is discovered and thought to be situated on the gas cap of an 
oil field, the dew point can be compared with the reservoir pressure and 
temperature, a calculation that gives the reservoir crude-oil composition 
if it is present. If a question should arise as to whether a crude oil from 
one well and gas from another well were in contact in the reservoir, an 
analysis of the two mixtures and comparison with equilibrium data would 
indicate the likelihood of present or previous contact. Such applications 
of equilibrium data assist geological information in showing the course of 
reservoirs or possible migrations of fluids. 

The ability to calculate the quantity and composition of the reservoir 
phases during the life of the pool has advantages over the measurement 
of the combined volume. For instance, if there were segregation of the 
separating phases in a reservoir of unbalanced pressures, it would be 
possible to make rough estimates of the migration of either phase from 
the sand properties, physical properties of fluid, and pressure gradients. 
The viscosity and densities may be computed from the analyses of gases 
and liquids, or at least this will be possible shortly. This use of equilib- 
rium constants and the physical properties of the hydrocarbons will also 
assist the engineer in solving problems of fluid flow into the well bore 
and in the flow string. 

The study of the “productivity” of wells as initiated by Moore” 
and continued by Haider! may be aided by the use of equilibrium con- 
stants and the physical properties of the hydrocarbons. The ‘ produc- 
tivity index”’ is defined as the rate of production of crude oil in barrels 
per day for one pound drop in bottom-hole pressure, and has been shown 
to be a constant for wells producing entirely a liquid phase at the operat- 
ing bottom-hole pressure. The vaporization of natural gas from crude 
oil at the bottom-hole pressure, or the accompanying of the crude by 
varying amounts of free gas, should be expected to vary the productivity 
index of a well for various conditions at the sand face. The radial perme- 
ability formula!® may be used to show this effect of the gas volume accom- 
panying the crude oil: 

Os ae 4] 
pu loge i. 
2 


in which Q = barrels of fluid per day, 
k = permeability, millidarcy, 
t = sand thickness, ft., 
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AP = pressure differential from reservoir to well bore, lb. per 
Baan 
= viscosity of fluid at mean pressure, centipoises, 
R, = distance from well to position where substantially reservoir 


pressure is maintained, ft., 
Re = radius of well bore, 
C = constant. 

To illustrate the use of vapor-liquid equilibria data as applied to 
productivity index, assume that the solid curve of Fig. 6 is the produc- 
tivity curve of a well producing saturated Conroe reservoir crude with no 
free gas. The PV curve of Sage and Lacey" would permit the computa- 
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Fic. 6.—PRODUCTIVITY CURVES. 


tion of the barrels of residual crude which were represented by the Q for 
various average pressures as shown in Table 6. Columns 1, 2 and 3 are 
assumed data, column 4 is the arithmetical mean pressure from sand face 
to reservoir body, column 5 shows values from reported PV curve, and 
column 8 gives the actual barrels of fluid flowing at mean pressure. If 
K, t, », R: and Re were known, the value of C could be computed, but 
this discussion is limited to variations in residual crude oil for a given 
value of Q at various conditions. 

Let us further assume that the well in question changed from solution 
gas-oil ratio to 1500 cu. ft. per bbl. What is the productivity curve of 
the well at this condition? Theoretically the values of » and F will 
change, which along with surface-energy effects would give a different 
relationship between Q and the differential bottom-hole pressure. How- 
ever, let us neglect these factors for purposes of illustration and show 
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the volumetric effect of the gas-oil ratio on the productivity curve. The 
1500 cu. ft. of gas is divided into 443 cu. ft. of solution gas and 1057 cu. ft. 
of free gas at the shut-in reservoir pressure. The free gas may be added 
to the reservoir crude oil as shown in Table 4 and the PV curve computed 
for this new mixture at 160° F., the assumed reservoir temperature. 
These volumes of one barrel of residual crude with accompanying gas at 
the mean pressures are given by column 7, Table 6. The conversion 
of the reservoir fluid volume to residual crude is shown in column 8, 
values that are plotted on Fig. 6 as the new productivity curve. 


TaBLe 6.—Productivity Computations 


Assumed Data Saturated Crude Oil 
1 2 3 4 5 6 
Bbl. Crude Bottom-hole AP, Lb. per Mean Pressure, Pee eet 
per Day Pe Sq. In. Lb. Abs. Crude at Pm, Q for Eq. 4 
F ' bl. 

0 1875 0 1875 1.23 0 
945 1675 200 1775 1327 1200 
1850 1475 400 1675 1.30 2400 
2690 1275 600 1575 1.34 3600 
3480 1075 800 1475 1.38 4800 
4200 875 1000 1375 1.43 6000 


Conpitions oF 1500 Cu. Fr. per Bau. ResipuaL CrupDE 
q 


8 


Volume of One Barrel 


Mean Pressure, Residual Crude Corre- 


ares be ie Mean Pressure’ | SPonding to @ 
0 1875 
1200 1775 370 
2400 1675 696 
3600 1575 995 
4800 1475 1250 


1375 


Although other factors than volume have been neglected, this com- 
putation would allow the checking to see whether other factors will change 
the productivities under various conditions. Also, this illustration might 
have taken the direction of computing the values of Q, or reservoir fluid, 
for an experimental productivity curve with gas-oil ratio changing with 
the flow rate. These computations on actual productivity curves will 
eliminate the volumetric factor and should bring the results closer to 
constant values for productivity index based on reservoir fluid rather than 
residual crude oil. 


ativa, 


DISCUSSION eee. 


CONCLUSION 


Equilibria data for the volatile constituents in crude oil-natural gas 
systems have been reviewed and the auxiliary physical properties of the 


‘hydrocarbons have been discussed. Methods of computing equilibrium 


vaporizations of mixtures of crude oil and natural gas have been illus- 
trated. Examples of the many uses of this information in petroleum 
engineering were given; stage separation, PV curves, and reservoir engi- 
neering problems. 
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CHONMAPRWNH 


DISCUSSION 
(T. V. Moore presiding) 


S. E. Bucxiny,* Houston, Tex. (written discussion).—Rapid strides are being 
made in the field of calculating the behavior of the lighter hydrocarbons under the 
various conditions in which they occur underground and in the changes of phase which 
they undergo during and after production. The excellent experimental work being 
done by Lacey, Sage, and coworkers under the auspices of the American Petroleum 
Institute is adding substantially to the store of knowledge concerning the behavior 
of both simple and complex mixtures. This paper by Dr. Katz is very timely in that 
it shows the practical uses to which the accumulating mass of data may be put. The 
possibility pointed out by Dr. Katz of using a knowledge of the composition of the 
fluids entering a well to calculate the compositions of the gas and of the oil separated 
at various stages is not only intriguing but is already proving extremely practical. 
The necessary data are secured from examination of subsurface samples of the reservoir 
fluids. The technique of calculation outlined by Dr. Katz permits the accurate and 
complete determination of the effects of various production practices and is a valuable 
tool for use in studying both the physical and economic sides of many field operations. 


* Production Dept., Humble Oil and Refining Co. 


Calculation of Equilibria in Hydrocarbon Mixtures 


By Sruart E. BuckiEey* 
(Oklahoma City Meeting, October, 1937) 


THE application of hydrocarbon equilibrium data to various problems 
encountered in refining and in natural gasoline recovery is an old and well 
established practice. Both generalized data and data on specific hydro- 
carbon systems have been made available by a number of investigators. 
More recently such data have been applied to the relations governing 
the separation of oil and gas both in the reservoir and at the surface. 
Most of the applications to production problems, however, have been 
based upon examinations of surface samples of oil and gas. This paper 
describes a technique that has been used satisfactorily in a number 
of cases to calculate directly from the hydrocarbon analysis of and 
auxiliary laboratory data on a subsurface sample of the reservoir fluid 
the behavior of the oil and gas during the various stages of separation 
at the surface incident to production. 


Types oF INFORMATION CALCULATED 


The system of calculations is not designed to supplant field data, but 
rather to correlate with them laboratory data obtained under controlled 
conditions in order to obtain a more complete and exact picture than 
usually is possible through the use of field data alone. The chief advan- 
tage of the calculations is the possibility of their use at a minimum of 
both time and expense to determine completely the effect of any possible 
operating technique upon each of the following: (1) The gas-oil ratio 
resulting from liberation of the dissolved gas; (2) the composition and 
gasoline content of the liberated gas; (3) the composition and gravity 
of the residual oil; (4) the amount and composition of the gas liberated 
upon flashing the oil from the separator to the stock tank; (5) the shrink- 
age of the oil in passing from the reservoir to the stock tank. 

This information is frequently essential to the correct determination 
of the advisability of installing a natural gasoline plant, to design such 
a plant to take care of seasonal production, and to determine the optimum 
separator pressures to carry in various parts of a field. 


Manuscript received at the office of the Institute Sept. 27, 1937. 
* Research Engineer, Humble Oil & Refining Co., Houston, Texas. 
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EXPERIMENTAL Data REQUIRED 


Carefully selected laboratory data, all of which are secured from a 
subsurface sample of the reservoir fluids, are necessary for the correct 
application of the calculations to any specific field. The following 
information is usually obtained: (1) Hydrocarbon analysis of the satu- 
rated reservoir fluid through the hexanes; (2) fractional distillation of 
the residual oil through nonane; (3) the molecular weights and specific 
gravities of the hexane-free material, the nonane-free material, and the 
intermediate fractions; (4) hydrocarbon analyses of the gases liberated 
from the oil by flash or equilibrium vaporization at atmospheric pressure 
at a minimum of two elevated temperatures; (5) the respective volumes 
and gravities of the gas and the oil obtained by flashing the reservoir 
fluid at room temperature at several controlled pressures; (6) the density, 
thermal expansion, and compressibility of the saturated reservoir fluid. 

One subsurface sample usually suffices for all of the determinations, 
although two samples are usually used to obtain check results. 


EQUILIBRIUM BETWEEN GAS AND OIL 


The fundamental assumption involved in the calculations is that, 
owing to intimate mixing in the flow string, the oil and associated gas are 
at all times in instantaneous equilibrium at the existing temperature and 
pressure. Thus, the temperature and pressure at the final point of 
separation determine the compositions of the separated streams. While 
it has been observed that under some conditions equilibrium is not 
completely attained in the separator, sufficient data have been obtained 
to indicate that equilibrium is closely enough approached for the calcula- 
tions to have wide application. 

The equations that serve as the basis for the calculation of the 
qualities and relative quantities of gas and oil resulting from equilibrium 
vaporization of a mixture of known composition may be derived in the 
following manner: 

Let X, = total mols of original material. 
L = total mols of liquid at equilibrium. 
V = total mols of gas at equilibrium. 
xz = mol fraction of any component in the liquid. 

_y = mol fraction of any component in the gas. 

K = y/x = equilibrium constant, unique for each component, 
function of temperature and pressure. 
By a material balance on the whole 


Xo =L+ V [1] 
A material balance on any particular component n gives 
} Gots = oe Dy + YnV [2] 
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where the subscript o is used to denote the original conditions. 
Substituting z = y/K in equation 2, 


Lowe = Yn /K + YnV [3] 
ry Kae [4] 
YORK Vi bole 


Substituting L = X, — V from equation 1, 


K2,X 6 


elie Gate, GURAA [5] 


It is convenient to base the calculations on one mol of original material, 
in which case X, = 1 and equation 5 reduces to 


23 Kx, 
YR TK ay id 


[6] 


Since « = y/K 
Lo 


Viki) al 7] 


Ln = 


Various algebraic transformations of equations 6 and 7 are used in 
the calculation of flash vaporization, but for many applications to 
production problems the forms shown are convenient because their 
solutions yield directly the analyses of the liberated gas and the resid- 
ual oil. 

The calculation of the flash vaporization is made by trial and error, 
a value of V being assumed and either equation 6 or equation 7 solved 
for each component of the mixture. The correct value of V is that at 
which the sum of the mol fractions of the components in either phase is 
equal to unity. 


EQUILIBRIUM CONSTANTS 


The accuracy of the equilibrium constants used in the equations 
governs to a large extent the accuracy of the calculated results. It is well 
known that the extremely varied hydrocarbon mixtures of which crude 
oil is composed do not form ideal solutions. Data, however, are rapidly 
being made available by which it is possible to make suitable corrections 
to care for most deviations found at normal pressures. The ‘“‘ideal”’ 
equilibrium constants published by Katz and Brown! have been found 
very useful as a basis to which to apply the corrections for the hydro- 
carbons heavier than methane. Often these constants yield satisfactory 
results without correction. 


1D. L. Katz and G. G. Brown: Vapor Pressure and Vaporization of Petroleum 
Fractions. Ind. Eng. Chem. (1933) 25, 1373. 
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No universally reliable set of equilibrium constants has ever been 
published for methane, primarily because of the differences in its behavior 
in different solvents. The author has compiled a set of average values 
from data obtained on a number of subsurface samples of reservoir fluids 
of different origins, however, which apply fairly well to most oils with 
gravities between 30° and 45° A.P.I. at pressures up to 3000 lb. per sq. in. 
Fig. 1 is a chart of these constants, y 
covering the temperature range 


Pasties: LIS, {5Q./N. ALS. 


encountered in normal production 
practice. The nature of the data : 
from which they were derived is 
such that they are most exact at x! ee 
pressures from 500 to 3000 lb. per - 8 
sq. in. It is interesting that ’ eS 
recently published data by Katz ge = 
and Hachmuth? on the equilib- 
rium between gas and a 38.4° ss |S sta et el ein 
A.P.I. oil yielded equilibrium con- 
stants for methane in substantial 
agreement with those of the §8 
author, especially at high pressure. : Y 

SAMPLE CALCULATIONS . 


Tables 1 to 4 illustrate the 
details of the calculations for a Ni 
typical Gulf Coast field. Table 1 
contains the analytical data on 
the saturated reservoir fluid. = 


i TEAIZERATUCE — FF 
Table 2 shows the conversion of Fig. 1.—EquILIBRIUM CONSTANTS FOR 


the analysis of the original mate- boeataket oe 


rial from a weight to a mol basis. The determination of the number of 
mols contained in a barrel of the original saturated fluid at the reservoir 
temperature and pressure is also indicated. 

Table 3 contains the calculations of the flash vaporization of the 
original fluid at a separator pressure of 0 lb. per sq. in. gauge and a tem- 
perature of 130° F. The author’s equilibrium constants were used for 
methane, while the constants for the components ethane through heptane 
were taken from large-scale charts obtained from Dr. G. G. Brown, of 
Ann Arbor, Mich. The constants for the octanes and nonanes were 
calculated from their vapor pressures by the application of a positive 
correction to make them comparable to Brown’s constants for heptane. 


2D. L. Katz and K. H. Hachmuth: Vaporization Equilibrium Constants in a Crude 
Oil-Natural Gas System. Ind. Eng. Chem. (1937) 29, 1072. 
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TasBLE 1.—Analytical Data on Saturated Reservoir Fluid 


Wt. Per Cent : 
Component ey Gravity rs wg pp 
lui . 

Methane st. 2). Seiten C; 7.45 
Mthane xs occ hata eee C, 1.22 
PLOPane ieyerw. ceatec ied setencuo ete alate ae C; 1.06 
Igosbutane S970 ro Po eencahacae Nolen i-C, 0.91 
IN=Dutane: sec tonentcauceneceeeierse reels n-C, 0.73 
TSo=pentane 4 toss cache demi otk er i-C; 0.50 
N-pentanesecncmies, mache Givake ivan n-C; 0.79 
Hexariess \Ae ieee a ee Ce 2a) 
Heptaness!ir.cat neat hs oe erat C; 3.27 0.7255 100 
OCEANEB SG oavrnenea tes Nee enone ee Cz SPA 0.7425 114 
NONENCER Ate rie ici ers Sa Cy 4,21 0.7635 128 
HOR Vier tsa oe nN cas bee ee C04 74.54 0.8342 203 

FO talaccnt wane tian tats tars ancartesmknes 100.00 


TaBLE 2.—Conversion of Analysis of Original Material from Weight 
to Mol Basis 


Wt. Per Molecular Mol 

Component Cent Weight 0 Lb Fraction 

Methanevnct2). narmrcs saad eae 7.45 16.03 0. 0.4880 
JUAN Vee ne AO OE a. Gee ea re 1.22 30.05 0. 0.0382 
IPIGDBNG as ere nueval teint sees oe ease 1.06 44.06 0. 0.0227 
LRO-DUTAN Osten Oh Les eects cans 0.91 58.08 0. 0.0148 
INSDULANIOTE Petree cuca arate arene 0.73 58.08 0. 0.0119 
HGO-pentanerrs 1. culpa. ces a oe 0.50 72.09 0. 0.0065 
IN=pentane::: Ack we tine ees erarc ais 0.79 72.09 0. 0.0104 
Hexanes ow ut ourd lacie tees 2.11 86.11 0. 0.0231 
He ptanes tants cenit treme. a cron 3.27 100. 0. 0.0307 
Ootanées hh Pees ta ee ee 3.21 114. 0. 0.0265 
INODANOSF co ttc ict oa.e otatene a 4,21 128. 0. 0.0309 
TG AN IGE Arey ve otanrene oetncole  eoeaae 74.54 203. 0. 0.3463 
SEOUBlaatiehes etter isnt tincah akan steaks ce 1 1.0000 


Motus per BARREL OF ORIGINAL OIL 


From P-V-T data: 1 bbl. original saturated oil at reservoir temperature and pres- 
sure weighs 232.2 lb. 


232.2 (1.0606) 


Therefore, 1 bbl. original oil = 100 


= 2.463 mols 
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It was found that a value of V = 0.551 satisfied the requirements that 
Lyn = lor =a, = 1, giving correct solutions of the equilibrium equations. 
The analysis of the liberated gas is determined as mol fractions, but since, 
for a gas, volume and mol percentages are identical, a shift of the decimal 
point converts the analysis to per cent by volume. 

The weight and volume of a mol of the residual oil were obtained by 
multiplying the mol fraction of each component by its molecular weight 
and by its molal volume, respectively. The molal volumes of the 
heptanes and heavier materials were obtained from their determined 
molecular weights and specific gravities, while the molal volumes of the 
other constituents, except methane, were taken from published data. 
The molal volume of methane in a particular oil is a characteristic of the 


TaBLE 4.—Comparison of Calculated and Determined Analyses of 
Gas Liberated at 0 Lb. per Sq. In. Gauge at 130° F. 


Per Cent by Volume 


Component 
Calculated | Determined 

Methanes: sat <0 < «tale J cva cre ata es ieee aaron 79.25 79.59 
NO Ac hil: et i he eRe aS gant too ator oto 6.73 6.60 
Propanieass. Chere cccknsge os) oyeko ick det eave, ae ee Ae ee 3.87 3.89 
| BLU Gy 01 <1: RS Rae oe veces eee ae ie Ns Cee seree Se Seva Rs oe 4.24 4.04 
Pentanes tiec%, ote eA sities acetal oe ee ee ee 2.11 2.11 
TH OXANEB AE sree cee eel See is Tee ein oveee task ee eer 1.83 3 By g 
EHeptanes Dus <shiyco rece e eek ietrwors teens cnn es een tenet tees 1.97 2.00 

PLO ta a thie ae Deh ae AE ee Sal dare 100.00 100.00 


oil and must be determined for each case. For the oil under considera- 
tion, it was determined by difference in the following manner: The total 
volume of a unit weight of the original oil if it were possible to maintain 
it in the saturated state at 0 lb. per sq. in. gauge and 60° F. was deter- 
mined by extrapolation of the laboratory data on the pressure-volume- 
temperature relations of the saturated fluid. The volume of the known 
weight of the dissolved methane was then obtained from the difference 
between the volume of the total fluid and the calculated volume of the 
other components. It was assumed for the subsequent calculations that 
the factor so derived for the dissolved volume of the methane would not 
be affected by changes produced in the oil by the release of gas 
from. solution. 

The calculations of the gas-oil ratio and the gravity of the residual 
oil, shown also in Table 3, are self-explanatory. The “shrinkage” factor 
of the oil, expressed as barrels of residual oil corrected to 60° F. per 
barrel of original saturated fluid measured at the reservoir temperature 
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and pressure, was obtained by multiplying the calculated volume of a mol 
of the residual oil by the number of mols of residual oil obtained from 
one barrel of the original saturated fluid. 

Before proceeding further with the calculations, it is usual to compare 
the calculated analysis of the gas with that of the gas flashed from 
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Fic. 2.-EFFECT OF SEPARATOR PRESSURE ON PROPERTIES AND RELATIVE AMOUNTS OF 
OIL AND GAs AT 70° F. 


the original fluid in the laboratory at the same temperature and pressure. 
This comparison is made for the purpose of checking the equilibrium 
constants used and to determine the degree to which the particular 
mixture deviates from the ideal. The comparison is made at high tem- 
perature to take advantage of the greater concentration of heavier 
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hydrocarbons present in the gas. This greater concentration permits a 
more accurate hydrocarbon analysis and tends to magnify any absolute 
discrepancies between the calculated and the determined results. When 
the results check at high temperatures, it is possible to proceed with the 
assurance that the calculated analyses at normal temperatures and 
moderate pressures will be satisfactory. 

Table 4 contains a comparison of the calculated analysis of the gas 
liberated at 130° F. with that actually obtained in the laboratory. The 
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Fig. 3.—EFFECT OF SEPARATOR PRESSURE ON LOSSES OF PENTANES AND HEAVIER 
at 70° F. 


agreement in this particular case was such that no correction to the equi- 
librium constants was necessary. 

Two complete sets of calculations are necessary for the condition of a 
separator operating at a pressure greater than atmospheric. The first 
calculation is similar to the one in Table 3, involving merely the calcula- 
tion of the flash vaporization of the original fluid at the conditions existing 
in the separator. This calculation yields the compositions of the separa- 
tor oiland gas. The separator oil, however, undergoes a second vaporiza- 
tion upon being released to atmospheric pressure in the stock tank, and 
the composition and relative amount of the final stock tank oil is depend- 
ent upon the conditions at each of the liberations. The calculation of 
the second vaporization is similar to that of the first with the exception 
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that the separator oil rather than the reservoir fluid is the material 
being flashed. 

The effects of increasing gas-oil ratio due to the production of excess 
free gas from the reservoir, or the effects of gas lift upon the qualities of 
the resultant oil and gas, may be determined by similar calculations. In 
such cases, it is necessary to determine the composition of the excess gas. 
The fluid to be flashed consists of the mixture of oil and associated gas 
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and has a composition determined by the relative quantities of original 
oil and gas present. 


CoRRELATION OF CALCULATED RESULTS 


It is customary to calculate all of the desired information at three 
temperatures, corresponding to the seasonal extremes and the yearly 
average for the particular region involved, and at a series of separator 
pressures from atmospheric to 150 Ib. per sq. in. gauge. The data are 
then plotted to give a composite picture of the effect of production 
technique in the particular field. Figs. 2, 3 and 4 illustrate the effect of 
separator pressure on items of particular significance. Fig. 2 shows the 
effect of separator pressure at 70° F. on the separator and stock tank 
gas-oil ratios, the gravity of the residual oil, and the barrels of stock tank 
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oil obtained per barrel of original saturated oil measured in the reservoir. 
Fig. 3 illustrates the effect of separator pressure on the losses of pentanes 
and heavier hydrocarbons per barrel of residual oil, both in the separator 
and in the stock tank gases. Fig. 4 shows the effect of separator pressure 
at 70° F. on the gasoline content (pentanes and heavier) of the separator 
gas. Data obtained by hydrocarbon analyses and by charcoal tests on 
separator-gas samples from a number of wells in the field are included 
for comparison. The agreement between the calculated values and the 
field data in this instance was excellent. 
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Behavior of Contents of High-pressure Reservoirs 


By Euverne A. Stepuenson,* Memser A.I.M.E. 
(Oklahoma City Meeting, October, 1937) 


In most instances the fluids produced from underground reservoirs 
have been described as they appear at the surface, and usually it has not 
been necessary to distinguish between surface and reservoir phases. 
More recently it has become imperative to recognize the fact that changes 
in phase may occur between the reservoir and the receiving unit. 

The simple terminology of ‘‘wet”’ and ‘‘dry”’ gases and ‘‘crude petro- 
leum oil”’ served our needs fairly well in the shallow, low-temperature and 
low-pressure fields. It has been left to the legislatures, regulatory com- 
missions, and courts.to decide whether a field is or was a gas field, an oil 
field, or both. This they have done by direct definition and also by 
implication. For example, in Texas:! 


(d) The term ‘‘gas well” is any well (a) which produces natural gas not associated 
or blended with crude petroleum oil at the time of production, or (b) which produces 
more than one hundred thousand (100,000) cubic feet of natural gas to each barrel of 
crude petroleum oil from the same producing horizon, or (c) which produces natural- 
gas from a formation or producing horizon productive of gas only encountered in a 
well bore through which crude petroleum oil is also produced through the inside of 
another string of casing. 

(e) The term “oil well” is any well which produces one (1) barrel or more of crude 
petroleum oil to each one hundred thousand (100,000) cubic feet of natural gas. 


In the state of Louisiana, the same general result is achieved largely 
by the following paragraph:? 


Wells producing both oil and gas shall not waste or blow into the air an amount 
of gas of more value at three cents per thousand cubic feet, than the market value of 
the oil recovered. The Commissioner of Conservation shall allow a reasonable time 


to determine the status of any well. 


This means that for wells making both oil and gas, if n represents the 
price of oil in dollars, and x the allowable gas waste expressed in M cu. ft. 


per day, 
n 


Cie iene 


0.0 


Manuscript received at the office of the Institute, Nov. 16, 1937; revised Jan. 10, 


1938. 
* Professor of Petroleum Engineering, University of Kansas, Lawrence, Kansas. 


1 References are at the end of the paper. 
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For example, if oil is selling at $0.90 per barrel, 0.90/0.03 = 30, which 
is the allowable M cu. ft. per barrel that may be blown to the air daily 
from the particular well under consideration. 

A much more precise concept of the distinction between an oil well 
and a gas well was given by the Federal Judges for the Western District 
of Texas (Austin Division) in the case of the Clymore Production Co. 
vs. E. O. Thompson et al. (The Texas Railroad Commission),* in 1936. 
The plaintiff—Clymore—owned a few wells which it classified as oil 
wells, although these had gas-oil ratios of 86,500 cu. ft. per barrel. Gas 
at the rate of 45 million cubic feet per day was being blown into the air 
in order to produce about 500 bbl. of the ‘‘crude oil.””’ The waste of the 
gas produced with such oil was depleting a valuable reservoir, which was 
more or less essential to the supply of a large natural gas system, therefore 
the Commission had ordered the wells shut in, and had also refused to 
issue tenders for the sale of the ‘‘crude oil.’”’ Litigation developed when 
Clymore endeavored to restrain the Commission from enforcing its orders. 

In preparation for the trial, it was recognized that the technical 
data would need to be presented in the simplest possible form, and that 
some field experiments should be conducted. The wells are approxi- 
mately 4900 ft. deep, had measured bottom-hole temperatures of 151° F., 
and calculated bottom-hole pressures of 1950 lb. per sq. in. No actual 
bottom-hole pressure measurements were available, but the gravity of 
the gas and the depth of the wells were used in computing the bottom-hole 
pressure. A series of 4-hr. well tests was made, extending over a period 
of several days, and the following data were acquired: well-head pressure 
on both tubing and casing, choke sizes, temperature and pressure on both. 
sides of the choke, pressures and temperatures at the separator, amount 
of gas produced, barrels of ‘‘oil”’ produced, quantity of water condensed 
(produced with the gas and ‘‘oil’’), as well as subsequent analyses of the 
gas, ‘‘oil” and water. Further tests were made with a high-pressure 
separator installed on the upstream side of the chokes, operated with 
pressures approximately equal to the tubing-head pressures. The usual 
low-pressure separator continued to function on the downstream side 
of the choke. 

As a result of these experiments, it was found that the “oil” was in 
reality a “‘condensate,’”’ the formation of which appeared to be induced 
by the fall in pressure and in temperature that took place in the tubing 
and the chokes. The amount of fluid collected at the low-pressure 
separator averaged 20.4 times that caught in the high-pressure separator. 
The temperatures ranged from 95° to 112° F. above the choke and 50° 
to 64° F. below it, at the low-pressure separator. The gas-oil ratio, 
86,500 cu. ft. per barrel, was not affected by the depth of the wells or by 
their structural positions. The traces of water condensed above the 
choke and below it had approximately 800 parts per million of total solids 
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as compared with 28,000 parts per million for the salt water in the 
same reservoir. 

Composite samples of gas taken directly from the tubing showed the 
following analyses: methane, 92.05 per cent; ethane, 4.37; propane, 1.36; 
butanes, 0.76; pentanes, 0.25; hexanes and heavier, 0.14; carbon dioxide, 
0.10; nitrogen, 0.87. Table 1 gives a comparison between the ‘‘oil”’ and 
grade 3 gasoline, purchased at a Houston filling station. 


Tasie 1.—Comparison of Motor Fuel X with Agua Dulce ‘‘ Crude Oil’’ by 
Engler Distillation, Et Cetera 


Motor Fuel Company X ole ere 
59.1 Gravity 59.8-63.3 Gravity 
Water White Water White 
Boiling Point, Deg. F. 
raul all eee ere ey ae ts atte tiie wale fa ss espe 102 98-100 
OMI OTICEM baer eescnais aise aede iene evens 162 164-192 
OGDETECCIM i mentee tts Aatils.clense/e same oe 192 192-213 
DUSDOIICOM Ga. Be Sante wien slate ot stale 220 207-228 
AQMDETECEN tr acrmcta shi tania Wie cece ea tees 246 223-241 
OSPOLACEN tert scree ebay als sain, otek a) 0% 268 235-254 
GOMer Cen tases 2% tales. hat. 286 254-267 
MO MOGENCEIIG aevcpvaeh cine Siem bs wa tieneth 306 278-293 
BORPEINC EMER retires e'etels betel aveutrere 327 308-318 
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OOP RELICE treme Stele sh bite ees eis es 384 402-425 
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Reside penicen tein) alas crite niet 1.2 1.0-1.2 
NEOSS DEL COD tirana ites chest ne oe ss 1.8 1.7-3.0 
ee lik ae ee 
eee beer textes tg 
Temperature, Deg. F. Perens bee teed Per Cent Over 
167 11.3 1.8 4.0-11.0 
284 59.0 1.8 65.0-73.0 
392 95.7 1.8 93 .0-94.5 


eS a ee 
Extracts from the opinion of the court read as follows:* 


The contention that they are oil wells is apparently based entirely on the fact that 
in a separator connected to a choke certain water-white liquid is accumulated, which 
upon analysis shows to contain various hydrocarbon compounds characteristic of 
crude petroleum oil. The catching of this liquid is the only thing that could in any 
possible way be claimed to classify the wells as oil wells. They are not drilled in or 
produced as oil wells; there is nothing to indicate any fluid level in the formation, or 
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any fluid column in the tubing and the casing gives no such indication; the wells do 
not flow by heads when reopened, nor is there any visible or perceptible liquid given 
forth at that time. When the wells are opened into the air what is apparently a gas 
is produced. . . . When this gas is run through a choke and turned into a separator 
provided with baffle plates, a water-white liquid, heretofore mentioned, is precipitated 
and saved. 

It is our opinion, from the evidence that . . . (these) . . . wells do not produce 
any crude petroleum oil in the statutory sense of that term. They produce gas, 
which when acted on by the baffle plates in the separator causes a distillate which 
complainants claim is oil. It is only by the most strained and technical construction 
that wells of that character could be classed as oil wells. . . . We think it perfectly 
obvious that the statutory definition of an oil well was never intended to cover wells 
of this character, which normally produce gas and can only be made to produce oil 
by the use of manufacturing processes, however crude, at the head of the well. 

Furthermore, it is our opinion that regardless of the question of the manner of 
production, the water-white liquid caught and saved in the separator is not crude oil 
within the sense of the Statute defining oil wells. The logs of Complainant’s various 
wells, and other wells in this apparently common reservoir, together with cores and 
samples of sand from these wells, would indicate that there is no fluid level in the 
reservoir and no liquid crude petroleum existing therein as such. The sand is uni- 
formly gray in color, contains no fluid and is classified as typical gas and not as oil 
sand. Liquid caught in the separator becomes such through mechanical devices or 
condensation after it leaves the head of the well, and not because it existed in such 
form in the reservoir. If such an operation at the well-head can transform a gas well 
into an oil well then there are very few fields which should not be classified as oil 
fields, because the history of the industry, as indicated by the record, shows that 
volatile liquid . . . can be wrung from practically all gas wells in greater or less 
amounts. We believe that there enters into the definition of crude oil in all applicable 
Statutes the proposition that the substance referred to should lie in the bed or reservoir 
as oil and as oil be produced from it. It was certainly never intended to cover 
distillates . . . when the Statute speaks of the production of crude petroleum oil. 
It may be, and possibly is, true that this product of the separator has many of the 
characteristics of crude petroleum and under certain technical chemical definitions 
might be so classified. Water-white as it is, and so volatile as to be adaptable for 
immediate use in gasoline engines, it has certainly never been considered as crude oil 
by the oil and gas industry generally. We think it manifest that the legislature in 
speaking of crude petroleum oil meant a liquid existing in the ground as oil and as such 
produced from it. It is our opinion that this condensate or distillate . . . is not 
crude petroleum oil within the contemplation of the Statute.* 


While we are of the opinion that . .. (the) . . . gas is wet and has at some 
point contacted oil, it is most certainly not at this time produced from an oil stratum, 
nor is it produced with oil. 


It is clear from this decision that one of our most able courts, familiar 
with oil and gas practices, and backed by long experience in litigation 
where expert engineers and skilled lawyers have been heard, inclines 
strongly to the opinion that crude petroleum oil means a liquid, hydro- 
carbon phase within the reservoir itself. Most engineers would find no 
fault with this viewpoint for low-pressure fields, or even those in which 


* The judges apparently refer to Texas House Bill 266.1 
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pressures are below approximately 4000 to 4500 lb. per sq. in. However, 
recent investigations’ of high-pressure equilibrium relations make it 
appear that when the pressures exceed these values, or reach approxi- 
mately 5000 lb. per sq. in., the attempted demarcation between oil fields 
and gas fields requires a more discriminating analysis. Each field needs 
to be considered in the light of the fundamental physical and chemical 
data that pertain to the contents of the reservoirs. The behavior of the 
wells at any stage in their history appears to be definitely a function of 
those fluid properties, which high-pressure and high-temperature studies 
are making available to the practicing engineer. Interpretation of these 
facts bears directly on both current and future methods of operating 
the wells, as well as on questions of well spacing, proration and ulti- 
mate recovery. 

Considering field data alone, the most impressive, isolated fact that 
confronts the student of modern deep reservoirs is the fact that in many 
fields the wells have a constant, or nearly constant, gas-oil ratio, regardless 
of their sand penetration and their position with reference to the geologic 
structure. The field data can best be correlated with the fundamental 
research work conducted under the leadership of Dr. William N. Lacey,° 
sponsored by the American Petroleum Institute, and by Brown, Katz and 
their associates. Their studies of mixtures of pure gaseous hydrocarbons 
with pure liquid hydrocarbons under high pressures resulted in either 
increased or decreased liquid volumes, depending upon the original 
volumes of liquid with which the experiments started. Hither the gas— 
methane—went into solution in the liquid phase of propane, pentane, or 
other hydrocarbon, or the liquid propane, pentane, hexane went into 
solution in the gaseous phase, depending upon the concentrations, the 
pressures, and the temperatures. The range of pressure within which 
both phases could be present was limited by both the temperature and the 
composition of the mixtures. 

Imagine our deep reservoirs—or those at high pressures—to be some- 
thing of this same sort, but instead of gas composed of a single com- 
ponent, let the approximate molar composition of the gas mixture be 
represented by z and that of the oil by y. During geologic time, the 
pressure and temperature probably varied and both increased and 
decreased, either during or after the accumulation of the reservoir con- 
tents. Some degree of equilibrium has been reached, which prevails 
when the reservoir is penetrated by the drill. An oil field or gas field or 
combination of the two may have resulted, depending on the tempera- 
ture, pressure, and the concentrations of the w and y constituents avail- 
able. For example: (1) All of the oil or y component, if any was present 
at some time during geologic history, may have gone into solution in 
the gas phase x, with the result that the reservoir is—when tapped—a 
gas-bearing one, or a single-phase type with no oil present in the liquid 
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phase; or (2) the concentration of the gas phase may have been sufficient 
not only to saturate the oil but also to provide a surplus, which resulted 
in the familiar gas cap, i.e., a two-phase field; (3) if the pressure exceeds 
that required to saturate the oil with the kind and quantity of gas avail- 
able, no gas cap is found—i.e., a single, liquid phase exists at the initiation 
of development. Each case, however, represents merely the combination 
of the different variables—concentration, temperature, pressure—into an 
equilibrium relation, which is disturbed when the reservoir is tapped. 


CaseE 1 


Considering only the hydrocarbons, imagine that a high-pressure 
reservoir with a constant gas-oil ratio has been penetrated by the drill. 
All of the wells produce “dry” gas or have a very high gas-oil ratio. The 
ratio of gas to condensate varies for different fields, ranging from 10,000 
to 200,000 cu. ft. per barrel, but this merely means that the fields produce 
mainly gas. The small amount of condensate recovered was dissolved 
in the gas under reservoir conditions, and condensed at the surface under 
certain reduced temperature and pressure conditions as distillate, drip 
condensate, or drip gasoline. This type of condensation, whereby the 
dewpoint is reached by reduction in pressure, is known as retrograde 
condensation. The more familiar type of dew formation results from an 
increase in pressure, at relatively low pressures and constant tempera- 
tures. It is possible that the uniform gas-oil relation or the single-phase 
reservoir may persist as such until the reservoir pressure has been lowered 
to a point where, if the temperature is low enough, oil may begin to con- 
dense within the sand itself, and the field may then pass from the stage 
of a gas field into one where it is actually an oil and gas field, if an oil 
field be considered one in which the hydrocarbons of the reservoir are 
in the liquid phase. Even this condition may be only temporary, and 
if the pressure continued to fall the field may, or may not, depending upon 
the concentration of its components and the prevailing temperatures, pass 
over once more into the stage of an ordinary gas field as the term is com- 
monly understood. 

Eventually the question will arise as to how to produce such a reservoir 
when it reaches the stage where it possesses both gaseous and liquid 
hydrocarbons. Answers to this inquiry will be influenced by the quantity 
of the liquid phase, the degree of adsorption of the latter by the sand 
grains, and the available pore space, but even more important will be 
the presence or absence of an active water drive. On the one hand, an 
active water drive would, by maintaining the reservoir pressure, tend to 
prevent the formation of a liquid hydrocarbon phase; on the other hand, 
it is entirely conceivable that water encroachment might aid in the pro- 
duction of a liquid phase if a high differential pressure is required to 
stimulate active water drive, and the critical pressures are nearly equal 
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to the reservoir pressure. These relations will vary for each reservoir, 
just as the composition of the gases and heavier hydrocarbons will vary, 
though the general principles still seem sound. It is entirely possible 
that commercial production of the liquid phase may become imprac- 
ticable, because of the large quantities of condensate required to wet the 
sand grains; some condensate will adhere to them under almost all known 
operating conditions. If no oil is present in such a field at the time of 
discovery, sound conservation will demand that it be operated as a gas 
field, since the flow of the single phase through the sand will follow the 
equation of Pierce and Rawlins,”* or be proportional to the difference 
in pressures squared. 

Since deeper drilling normally means higher pressures, the prob- 
abilities are that deeper fields—even to 8000 to 10,000 ft.—will be more 
and more likely to have a high gas-oil ratio, or to be gas fields, since both 
higher temperature and increased pressure tend to reduce the range within 
which both gas and oil phases can exist together. The relative propor- 
tion of lighter constituents will also tend to increase. ‘This was recog- 
nized by Barton several years ago:° 


In sands of the same age, there is an increase of the lighter constituents and of the 
A.P.I. gravity and decrease of the heavier constituents with depth. In sands of the 
same depth, there is increase of the lighter constituents and of A.P.I. gravity with 
increasing age. . . . Under the effects of pressure and temperature (as a function of 
depth) and of time, there is produced a progressive transformation of the heavier 
constituents into lighter constituents. 


CasE 2 


If, at the time the reservoir was penetrated, the proportional quan- 
tities or molecular concentrations of the two phases were such that, even 
though gas had gone into solution in the oil and saturated it at the tem- 
perature and pressure of the reservoir, some of the gas phase still 
remained, the field is initially one with a gas cap overlying the crude 
oil—a two-phase reservoir. This is the type of oil and gas field that has 
provided the great bulk of our crude oil, but the anticipation that such 
fields will continue to be discovered at greater and greater depths appears 
to be fallacious. 


CAsE 3 


If the concentration of the gas phase happened to be so small in pro- 
portion to that of the liquid phase that the former has been completely 
dissolved under the pressure and temperature conditions prevailing at 
the time of discovery, no gas cap will exist until the pressure in the field 
has been so reduced that the gas can come out of solution and establish 
equilibrium between the two phases. East Texas is the type field of 
this character. 
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CoNCLUSIONS 


From the preceding discussion, it follows almost necessarily that allo- 
cation of the fields with high pressure and high gas-‘‘oil”’ ratio should be 
based on such sound principles as apply to the operation of gas fields. 
The amount of “oil” or condensate produced with gas for which a market 
exists should constitute the limiting oil allowable; to produce the oil—or 
condensate—for itself alone, while the gas is blown to the air, is unsound 
engineering and waste, both of the irreplaceable resource and its energy. 
Incidentally, the single-phase gas reservoir may possibly be maintained 
through the introduction of water well down on the flanks of the structure. 
Attention should be directed to the merits of repressuring or cycling 
the “stripped gas.” Such recycling process must be regarded as sound 
engineering practice, since it ensures recovery of the “heavy ends” 
present in the gas phase; no other known process will recover them with 
as much certainty and as little expense. 

If, on the other hand, the field is the single-phase type, where gas is 
dissolved in the oil and no gas cap exists, it should be operated as an oil 
field, the energy of the dissolved gas and encroaching water used to lift 
the oil, the gas-oil ratio restricted to the minimum, flank repressuring 
practiced, the rate of production restricted so as to prevent the formation 
of a gas cap, potentials abolished as a basis for allocation, and every 
sound engineering practice utilized with a view to increasing the amount 
of hydrocarbons that may be recovered. 

If the reservoir that was at first a gas field should later become an 
oil field (which is only a remote possibility), it may be necessary to recog- 
nize such a transformation and modify the basis of allocation. Given 
sufficient information, it should be possible to predict from high-pressure 
experimental data as to equilibrium relations, together with compre- 
hensive analyses of cores, determinations of porosity and permeability, 
and adsorption coefficients, whether or not enough liquid hydrocarbons 
will collect in the sand to cause liquid hydrocarbons to issue at the well 
head; i.e., to make the field an oil field. Here again an active water drive 
might bring on a period of oil production, even though the quantity of 
liquid present were small. Both high-temperature water and high 
salinity will tend to help in such recovery. 

The net result of this analysis as applied to fluid behavior in high- 
pressure reservoirs is to stress the importance of the early acquisition of 
physicochemical data such as equilibrium constants, critical pressures 
and temperatures, concentration of the various constituents, together 
with reservoir temperatures and pressures. 

Without apprehension, the writer ventures the opinion at this point 
that we are now, at least on the Gulf Coast, very close to the limiting 
depth at which two-phase hydrocarbons will be encountered. Phrased 
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in other terms, it is very doubtful that deeper drilling will result in the 
discovery of important oil fields below 12,000 or 13,000 ft., though these 


_ limits will be partly dependent on the thermal gradients in the particular 


area. On the other hand, deeper gas fields may be expected, but they 
must be recognized as gas fields, not oil fields. 

Practically, these data bear definitely on the problem of well spacing, 
since it has been amply demonstrated that the drainage areas of gas wells 
are extensive,’ and hence close spacing with its accompanying high 
capital expenditures should be studiously avoided until economic condi- 
tions can or may justify it. The behavior of wells and their spacing 


~ densities should also be looked at in the light of our relatively recent but 


perfectly sound concept that the ownership of oil and gas pertains funda- 
mentally to oil and gas in place. 

Gas reserves, or reserves in the gas phase, can be readily estimated 
and equity as between the various operators can be established with little 
difficulty. The problem is somewhat more complicated in connection 
with oil, but such estimates can also be made with reasonable accuracy, 
provided the essential data are obtained. The operating agreements 
between various groups in a field should always be flexible enough to 
anticipate the possibilities of pressure maintenance and changes in phase 
of the reservoir contents. 
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DISCUSSION 
(T. V. Moore presiding) 


P. Weaver,* Houston, Texas.—The prediction that two-phase fields will not 
be discovered below 12,000 to 13,000 ft., I think, is sound, with one exception—if 
there were an unconformity, whereby there might at some time in the past have been a 
leakage of light phase, resulting in a low gas-oil ratio at that time. Even if such a 
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field were subsequently buried to depths greater than 12,000 ft., it would be a two- 
phase field, because the solution of oil in gas requires, in addition to high pressure in 
the reservoir, a high gas-oil ratio, and the greater the density of the liquid, the greater 
this gas-oil ratio must be for complete solution of the oil in the gas at a given tempera- 
ture and pressure. 


T. V. Moors,* Houston, Texas.—I think that we will always have two phases. 
One phase may be a heavy tar. 


EK. A. StepHENsoN.—The points raised by Mr. Weaver serve to emphasize the 
fact that the geological history of an area has an important bearing on the develop- 
ment and operating procedures, and the earlier the geological history can be deciphered 
the less time and money are likely to be misspent. 


M. Lez,{ Wichita, Kansas.—Professor Stephenson mentions laws of nature and 
man-made state laws, which some judges and legislators do not thoroughly under- 
stand. The technical language of our meetings gets into the laws. The Kansas 
law for repressuring oil wells uses the word ‘‘fluid’”’ when evidently it was the intent 
of the legislators to mean liquid or water only. The State Corporation Commission 
finds that it must comply with the law and observes that fluid means any liquid and 
also oil and gas. In writing or discussion, engineers can help the legislators and the 
courts by describing liquids or fluids properly. If we fail to do this, we should not 
blame the legislators or the courts for their misunderstanding of technical terms or 
their application in production practices. 


G. Wave,t Dallas, Texas.—Professor Stephenson’s paper is of special interest in 
that it generates thought on the significance that the physical properties and state 
of the petroleum in the reservoir may have on the choice of method of development and 
operation of the field. Under Case I, consider that an exploratory well is being drilled, 
that drill-stem tests are being made (to points where pressures are not too great for 
carrying out that operation with reasonable safety), and that progressive drill-stem 
tests yield only gas: Can it be expected that examination of samples of this gas in the 
light of the method that Dr. Katz has discussed will reveal the probable state of the 
petroleum in that reservoir and thus provide guidance for planning the development 
program for the field? 


D. L. Karz,§ Ann Arbor, Mich.—As the data on critical properties of hydrocarbon 
mixtures grow, one should be able to predict the reservoir phases from an analysis 
of a well effluent, the reservoir temperature, and the reservoir pressure. 


* Production Research Division, Humble Oil and Refining Co. 
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Connate Water in Oil and Gas Sands 


By Ratrs J. Scuiirauis,* Junton Memper A.I.M.E. 
(Oklahoma City Meeting, October, 1937) 


SEVERAL investigators!-* have reported evidence of the existence of 
native or connate water in oil-and-gas-bearing strata. Both water and 
salt have been detected in cores of oil sands that yielded oil and gas 
exclusively when produced. Electrical logs often reveal unexpectedly 
low resistivity.through oil and gas sands, indicating the presence of some 
material that is a considerably better conductor of current than oil and 
gas. Furthermore, calculations? of the oil and gas content of reservoirs 
based upon production and reservoir-pressure decline data indicate 
appreciably lower values than are arrived at under the assumption that 
the pore space is occupied completely by oil and gas. 


ORIGIN AND OCCURRENCE OF CONNATE WATER IN OIL-AND-GAS-BEARING 
FORMATIONS 


The view has been expressed, !°-!® and is generally agreed upon, that 
the expulsion of oil and gas material from source beds and the subsequent 
migration and accumulation occurred in the presence of salt water. As 
the strata that usually form reservoirs for oil and gas were laid down by, 
or in the presence of, ancient seas, the pore space within the strata must 
have been saturated with salt water before the entrance of the oil and/or 
gas. Thus, the accumulation of oil and/or gas in the upper regions of 
structures suitable for reservoirs must have required displacement of the 
connate water therefrom. 

In the absence of any forces other than gravitational, it would be 
expected that the displacement of the connate water out of the zones 
finally occupied by gas and oil would be complete, and that the vertical 
distribution of gas, oil, and water in a reservoir would be strictly in the 
order of their densities. Apparently, however, surface and interfacial 
forces that will not permit complete segregation of the fluids are active 
within the capillary spaces comprising a reservoir. The effects of these 
forces on both accumulation and production of oil and gas have been the 
subject of study by a number of investigators. '®—* 

In general, the view is held that the character of most materials that 
make up the reservoir rock leads to preferential wetting of the rock by 


Manuscript received at the office of the Institute Oct. 7, 1937. 
* Humble Oil & Refining Co., Houston, Texas. 
1 References are at the end of the paper. 
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water instead of by oil. The resistance to displacement of water by either 
oil or gas from capillary spaces increases as the cross-sectional dimensions 
of the pores decrease. The displacement of the water can proceed only to 
the point where equilibrium is reached between the surface and interfacial 
forces that resist the displacement and the forces that favor it. Thus, 
conditions of occurrence of the fluids within the oil-and-gas-bearing zones 
of reservoirs are probably such that: 

1. The reservoir rock is completely wet by connate water and does 
not contact either oil or gas directly. 

2. Oil and gas exist in the larger and interconnected pore spaces. 

3. Connate water completely fills the smallest crevices and capil- 
laries, particularly those that are discontinuous or sealed entirely. 

The vertical distribution and the relative concentration of the fluids 
within certain zones probably is influenced by several factors; e.g., the 
relative densities of the fluids, size of the pore spaces, and interfacial and 
surface effects, the latter being dependent upon certain physical and 
chemical properties of the fluids and of the reservoir rock. Production 
experience bears out the fact that usually a well defined so-called ‘“‘ water- 
oil level or contact” exists, above which oil is obtained and below which 
water is produced either with the oil or exclusively. However, the fact 
that oil can be produced without water does not prove the absence of 
water in the oil-bearing formation. Brace? writes: “Within a producing 
area, the fact that the produced oil is clean is no index as to the presence or 
absence of moisture in the sand, since the forces that held the water in 
place during oil migration would perform the same function during oil 
extraction.” Whereas there was some question of Brace’s view, later 
investigation supports it. While there is usually a fairly definite bound- 
ary or limited zone above and below which oil and /or gas or water, respec- 
tively, is produced exclusively, it is likely that there is no level above which 
only oil and gas exist. within the pore spaces. In a given reservoir, the 
so-called “water table”’ is probably defined by a relatively narrow zone 
below which the ratio between the water and oil saturations is high enough 
so that only water is produced, while at higher levels, where the oil satura- 
tion is greater, oil production is obtained. When the properties of the 
formations are uniform, the limiting water-oil saturation ratio probably 
is definite. 

The permeability of reservoir rock is closely related to the size of the 
pore spaces. It can be shown from Poiseuille’s law that the permeability 
for a given fluid and given porosity varies as the square of the cross-sec- 


tional dimensions of the pore spaces. If the views are correct that the 


degree to which oil and gas displaced the connate water out of the pore 
spaces in accumulation is limited by size of the pores, it follows that the 
connate-water content of oil and gas formations should bear some 
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inverse relationship with their permeabilities. Evidence that this is 
true will be presented. 


DETERMINATION OF CONNATE-WATER CONTENT OF OIL-AND-GAS-BEARING 
FORMATIONS 


The only means yet developed by which the connate water and oil 
content of formations can be quantitatively estimated is through examina- 
tion and analysis of cores. Reliable methods have been worked out and 
described **%%.8 to determine both the water and oil content of core sam- 
ples. However, in order that the analyses of such samples shall cor- 
rectly reflect conditions, quantitatively, as they exist within the forma- 
tions in place in a reservoir, it is usually necessary to employ special 
technique in coring and to observe precautions in preservation of the 
samples until analyzed. 

Difficulties of Obtaining Representative Samples.—The principal diffi- 
culties that stand in the way of obtaining core samples of which the fluid 
content represents conditions existent within a reservoir are: (1) contami- 
nation and flushing of the cores by the drilling fluid or liquid phase there- 
from; (2) reduction of pressure occurring as the cores are withdrawn 
from the well and resulting in expulsion and loss of portions of the 
native fluids. 

In drilling and coring a high-pressure formation, it is necessary to 
maintain the density of the drilling fluid to keep the pressure exerted 
somewhat higher than the pressure in the formation. The differential 
pressure can produce either or both of two effects on the cores: first, con- 
tamination by infiltration of the drilling fluid or water therefrom about the 
periphery as the cores are cut; second, flushing or displacement of the 
native fluids out of the formations subsequently cored by the downward 
penetration or filtration of the liquid phase of the mud through the forma- 
tions ahead of the advance of the drill and core barrel. Experience“ 
indicates that the latter effect is probably the most serious and difficult 
to cope with. 

The effect of reducing the pressure upon the cores and their contents 
during removal from the well is always to cause complete loss of gas and a 
further loss of any oil that may be present. On the other hand, because 
of the mechanism by which connate water exists within oil-and-gas-bear- 
ing strata, it is unlikely that any appreciable amount of any loss in con- 
nate water from a core occurs on account of reduction of pressure, except 
where the water saturation is very high. No technique has ever been 
developed to correct for or to prevent the losses of oil and gas arising from 
the release of pressure. Thus, determinations of oil content on core 
samples must usually be considered minimum values as far as actual 
conditions within a reservoir are concerned. 
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To correct for contamination of cores by the drilling fluid or aqueous 
phase thereof, the procedure has been suggested and used**® whereby 
‘“‘tracers’’ have been placed in the mud, and their subsequent quantitative 
detection in the cores has been taken as a measure of the water originating 
from the drilling fluid. Acetone, arsenic, propanol, and dextrose treated 
with octanol to prevent fermentation have been used as tracers. While 
such technique would permit measurement of contamination if it arose 
simply from radial infiltration of small amounts of the aqueous phase 
of the mud into the cores after they were cut, the method cannot reveal 
the degree to which the fluids native to the core might be displaced or 
swept out by advance of the liquid phase of the mud through the forma- 
tions before they are penetrated by the core barrel. The latter is very 
important in connection with highly permeable strata where any moderate 
differential exists between the pressure exerted by the drilling fluid and 
the formation pressure. Where aqueous drilling fluids are used, the 
advance of the water therefrom not only sweeps out a part of any oil 
present but also reduces the concentration of dissolved salts in the connate 
water so as to preclude measurement of connate water either directly or 
indirectly through analysis for native salts. 

Use of Oil-base Drilling Fluid.—It would seem reasonable that the use 
of a water-free drilling fluid might overcome some of the difficulties 
encountered in obtaining representative samples of oil-and-gas-bearing 
formations for determination of their connate-water content. An oil- 
base mud has been successfully used for this purpose. True, the deter- 
minations of the oil content of core samples obtained while using such a 
mud are open to question, yet, because of the very nature of its occur- 
rence, the connate water is undisturbed, except in highly permeable forma- 
tions where penetration of oil from the mud ahead of the drill might be 
sufficiently severe to flush away a portion of the water if water saturations 
are high. This difficulty might be experienced in the vicinity of the 
so-called “water-oil contact” or below, but ordinarily not in the zones 
actually productive of oil and gas. 

An oil-base drilling fluid prepared from the native crude oils weighted 
with oil-wet clay has been employed in coring the gas and oil zones of the 
Anahuac and Tomball fields, in the Texas Gulf Coast area, and in the 
East Texas field. The weighting material was spent clay, which had 
been used in the refining of motor oils. The fluid was treated with about 
0.5 per cent of oleic acid and 1 per cent of sulphuric acid (98 per cent), 
by volume, to aid dispersion of the clay and to increase the tolerance to 
water. Litharge was used where necessary to increase the mud density. 

Preservation of Core Samples.—Immediately upon reaching the surface, 
samples of the cores were selected, scraped to remove the clay sheath, 
and then coated with synthetic wax to preserve the contents against 
evaporation. Ordinary sealing wax, such as is used for sealing letters, 
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was chosen after tests of paraffin wax, waxed paper, cellophane, collodion 
and lacquer. Sealing wax best withstands handling, indefinitely resists 
penetration or solution by the core contents, and yet is easily removed. 
The core samples were analyzed for water, oil, and sodium chloride 
content. Determinations were also made of porosity, permeability, and 
bulk density of an extracted and dried piece taken from each core sample 
adjacent to that used for the oil, water, and salt analyses. The analysis 
for water serves as a direct measure of the connate water while the analysis 
for sodium chloride, coupled with data on the analyses of native salt 
water produced from the field, is an indirect check on the direct measure- 
ment of connate water. 
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Fig. 1.—APPARATUS FOR DETERMINATION OF WATER AND OIL IN CORES. 


Determination of Water and Oil.—A procedure differing somewhat from 
those previously described****.8 was employed to analyze for the connate 
water and oil content of the samples. The method combines vaporiza- 
tion and combustion, having provision to absorb quantitatively the water 
vaporized and to give a measure of the oil by the difference between the 
total loss in weight of the sample after combustion and the weight of the 
water vaporized and absorbed. 

A sketch of the apparatus is shown in Fig. 1. It consists of a Pyrex 
glass tube about 1 in. in diameter and 25 in. long, fitted with a heating ele- 
ment as shown. One end is attached to a source of dry air and the other 
to a U-tube containing anhydrous magnesium perchlorate (Dehydrite). 

In the analysis, a 5-gram portion of the crushed sample is weighed out 
into a small porcelain boat and the boat is inserted into the apparatus and 
placed slightly beyond the heating element as shown in Fig. 1. The 
Dehydrite tube is also weighed and placed in position, then a slow current 
of dry air is allowed to pass through the apparatus. Temperature is 
adjusted to between 125° and 150° C. Usually some water condenses 
in the cool downstream end of the heating tube, and therefore the air 
must be passed for a sufficient time to completely drive all water over into 
the absorption tube. The cotton plug in the constricted end of the 
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heating tube traps any oil spray, preventing it from entering the 
absorption tube. 

After the water has been expelled from the sample (requiring usually 
45 to 60 min.) the Dehydrite tube is removed from the system and 
weighed to determine water. At the same time, temperature is raised 
to about 425° C., sufficient to burn and expel all oil in the sample in 
presence of the dry air stream. ‘The loss in weight of the sample minus 
the weight of water determines the oil. 

The method is rapid and does not require calibration to correct results 
for losses or for water of constitution, which is driven off the core material 
in some methods employing higher temperatures. 

Determination of Chloride.—The determination of chloride is made on 
a portion of the sample crushed for water and oil analysis. A5to15-gram 
sample is weighed out and digested in about 100 ml. of water and 5 ml. 
of saturated potassium nitrate, the purpose of the latter being to coagu- 
late clay particles. The mixture is heated to boiling, then allowed to 
stand for a time before it is filtered; the filtrate is titrated with standard- 
ized silver nitrate solution, using potassium chromate as indicator. 

The chloride determination must be made on a portion of the sample 
separate from that used for water and oil analyses, as investigation 
indicates a 15 to 25 per cent loss of salt in the course of the vaporization 
and combustion. 

Determination of Permeability, Porosity, and Bulk Density.—Permea- 
bility, porosity, and density measurements are made on the same sample 
after sizing, leaching with solvents such as alcohol, carbon tetrachloride, 
and ether to remove connate water and oil, and then drying. After 
the dried sample is weighed for the bulk density measurement, permea- 
bility is determined in accordance with A.P.I. Code No. 27, the effective 
volume of pore space by the Washburn-Bunting method,*!:*® and finally 
bulk volume by displacement of mercury from a pycnometer. 


REsuLtTs oF Core EXAMINATION AND OTHER TzEsTS 


The data obtained in the examination of cores taken with use of an 
oil-base drilling fluid, from two wells in the East Texas field and a well 
each in the Anahuac and Tomball fields, are presented in Figs. 2 to 5. 
Electrical logs and temperature gradients are included, where obtained, 
for comparison with the core data. The East Texas field produces from 
the Woodbine sand, the Anahuac field from a sand of the Marginu- 
lina and Frio formations, and the Tomball field from a sand of the Cock- 
field formation. 

Well No. 1, East Texas Field.—Fig. 2 shows that the connate-water 
saturation averages 6 to 10 per cent in the sand sections through the 
entire oil zone of well No. 1 except in the section below a depth of about 
minus 3297 ft., where it averages probably greater than 30 per cent. 
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There is good qualitative correlation between the water saturation of the 
cores and the electrical resistivity log, except below about minus 3301 ft., 
where the water saturation does not increase proportionately to the 
decrease in resistivity shown. On a drill-stem test of the section minus 
3307 to 3311 ft., the well flowed 26 per cent salt water, indicating intrusion 
of water and at least partial flooding as high as 9 ft. above the original 
so-called ‘‘water-oil contact,” commonly considered as 3320 ft. subsea. 
The well was completed, making 100 per cent oil, in the section from 
minus 3291 to 3295ft. The high permeability of the section below minus 
3301 ft. permitted oil from the drilling fluid to penetrate the cores thor- 
oughly and thus flush away a portion of their water content. 

There is a rough parallelism between the electrical porosity log and 
the actual permeabilities and porosities of the cores. The highest poten- 
tials are observed in the most permeable and porous sections. 

Well No. 2 East Texas Field.—The general nature of the information 
obtained on the cores from well No. 2 (Fig. 3) is the same as for well No. 1. 
The connate-water saturation averages about 10 per cent throughout 
the oil section to a depth of minus 3285 ft., below which it increases 
gradually to more than 30 per cent. There is good correlation between 
the water saturation determined directly and that calculated from the 
analysis for chloride. The well was completed with the entire section 
open to production and making 100 per cent oil. 

Anahuac Field—The core data and formation logs obtained at 
Anahuac are plotted in Fig. 4. The connate-water saturation of the 
entire gas-and-oil-bearing zones is very high, ranging from a minimum 
of 16 to as high as 98 per cent. Connate water occupies 50 per cent, on 
the average, of the pore volume in the oil section, 7019 to 7120 ft., and 
possibly a slightly higher percentage in the gas zone, 6940 to 7019 feet. 

The salinity of the connate water found within the cores from the lower 
parts of the oil section checks closely with the salinity of salt water 
produced in the field. However, in the upper regions, the salinity of the 
connate water decreases markedly, especially in the gas zone. This may 
be due to a continuous process of distillation and diffusion proceeding 
within the reservoir, actuated by the earth-temperature gradient. It is 
conceivable that such an effect might in general result in higher water 
saturation in a gas zone above an oil zone than in the oil zone itself. 

- A fair general correlation exists between the electrical porosity log 
and the actual permeability and porosity logs of the cores. Further, 
the resistivity log bears a general inverse relation to the connate-water 
content of the cores. The unusually low resistivity through the gas zone 
and the bulk of the oil zone, in spite of any possible effects of the oil drilling 
fluid, is probably accounted for by the high connate-water saturations. 

A series of five drill-stem production tests was conducted within the sec- 
tion from 7116 to 7151 ft. The first test was made from 7149 to 715034 ft., 
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the second from 7139 to 7141 ft., the third from 7132 to 7134 ft., the fourth 
from 7125 to 7127 ft., and the last from 7116 to 7118 ft. The first four 
tests yielded only salt water, but the fifth produced 100 per cent oil. 
The tests definitely limited the zone of transition from oil-producing to 
water-producing sand to the section between 7118 to 7125 ft., indicating 
that while no plane or table exists above and below which oil and gas exist 
in the formation exclusively, there is a fairly definite level, probably 
determined by a certain water-oil saturation ratio peculiar to the prop- 
erties of the particular formation, at which one or the other of the fluids 
is produced exclusively. 

It is observed that the connate-water saturations below about 7120 ft. 
are relatively low and thus incompatible with the results of the first four 
drill-stem tests. This is explained by the fact that the formations below 
about 7110 ft. were highly permeable and poorly consolidated, permitting 
serious contamination by oil from the drilling mud. It is noted that the 
electrical resistivity is highest in the sand that actually yielded 100 per 
cent salt water, showing that contamination proceeded to the degree that 
water was displaced from the formations adjacent to the well bore, 
replaced by oil, and the resistivity thereby increased. 

Tomball Field.—Fig. 5 contains the core data and formation logs for 
the Tomball field. The general character of the data, although less com- 
plete, is the same as that observed in the Anahuac field. 

Somewhat higher connate-water saturations are indicated than were 
observed at Anahuac, a condition that is compatible with the relative 
permeabilities of the formations in the two fields. The average water 
saturations of the two sand sections from which cores were recovered 
are 59 and 49 per cent. Again the formations show unusually low 
resistivity, a result undoubtedly related to the high connate-water content. 


PRACTICAL SIGNIFICANCE OF CONNATE WATER 


Relation between Permeability and Connate-water Content.—All data 
on permeability and connate-water saturation given in Figs. 2 to 5 are 
plotted in Fig. 6. A rough correlation between the water saturation and 
permeability is noted. The relation is inverse, the water saturation being 
least in formations of high permeability and greatest for low permeability. 
The converse would be true of the oil saturation, where oil is present. 
The lower the permeability, the more marked is the influence of permea- 
bility on either the water or the oil content. 

Fig. 6 shows that the Anahuac and Tomball data plot together while 
the East Texas data have an individual trend. For the same permea- 
bility, the sands in the Anahuac and Tomball fields carry much larger 
quantities of connate water than the East Texas Woodbine. This 
probably illustrates the influence of differences in the properties of the 
formations and of the fluids. Within the range of permeability from 
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50 to 500 millidarcys, the data show an average of 214 times greater water 

content in the two Gulf Coast fields than in the East Texas field. 
Influence on Oil and Gas Reserves and Recovery.—It is reasonable to 

assume that under original conditions the part of the pore space within 
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Fia. 6.—RELATION BETWEEN PERMEABILITY OF CORES AND CONNATE-WATER 
SATURATION. 


oil-and-gas-bearing strata not occupied by connate water must be filled 
with oil or gas. It has been observed that the water saturation is an 
inverse function of permeability. The oil or gas saturation must, there- 
fore, be some direct function of permeability. Based upon the data in 
Fig. 6, Table 1 is given to show the probable relation between original 
unit oil content and permeability for the three fields studied. The most 
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significant point concerning this table is that sands having identical 
permeability may contain widely different quantities of oil. The 
difference is due to variance in other properties of the reservoir rock and 
in the properties of the fluids involved. The fact that for the same 
porosity there may often be a marked variation in oil saturation, either 
for reason of difference in permeability or other causes, has an important 
bearing upon reserves and recovery of oil. It is common practice to 
base estimates of oil recoveries purely upon acre-foot yields experienced 
in fields considered similar to that on which the estimate is made. With- 
out the aid of more information than is usually at hand, this is likely to’ 
be a dangerous procedure. Two fields may differ only slightly in oper- 
ating characteristics in early life but may have distinctly different unit oil 
saturations and thus may yield entirely different unit ultimate recoveries. 


TaBLE 1.—Probable Relation between Original Unit Oil Content and 
Permeability 


Oil Content in Place 


Permeability, Barrels per Acre-ft. at 28 Per Cent 


Millidarcys Saturation, Per Cent Porosity 
East Texas Anahuac Tomball East Texas Anahuac Tomball 
10 62 23 1350 500 
100 78 44 1690 960 
1000 85 65 1840 1410 
2000 86 69 1870 1500 


It is believed that too much emphasis cannot be placed upon the need 
to use the utmost precaution in predicting recoveries on current or new 
fields based upon experience in old fields. The older fields are much 
shallower in general than those now being produced and developed. 
On account of their shallower depth, the formations probably possess 
somewhat greater porosity and permeability and in consequence lower 
content of connate water and higher original oil saturations than presently 
operated fields or those which may be developed at greater depth in the 
future. Records on depleted fields or those now in the last stages of 
production indicate that a number have given recoveries of 800, 900 and 
occasionally more than 1000 B/acre-ft. The data presented in Fig. 6 
indicate that the minimum average connate-water saturation even at 
extremely high permeability is probably upwards of 10 per cent. Assum- 
ing only 10 per cent water saturation, or 90 per cent original oil saturation 
for the oil fields, an oil shrinkage of 10 per cent, and 28 per cent porosity, 
a 900 B/acre-ft. yield means that slightly over 50 per cent recovery of the 
original oil was often obtained. In some of the current fields where 
water saturation apparently approaches 50 per cent, it should be signif- 
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icant that the volume of oil in place is but little higher than the recoveries 
recorded in old fields. If the current and future fields are to equal the 
reported yields of old fields, the percentage recovery will need to be 
extremely high. 

It has been observed that connate water exists in gas-bearing forma- 
tions to the same or possibly even greater degree than in oil-bearing 
formations. Unless the presence of water is accounted for in estimating 
gas reserves by the porosity-volume method, a percentage error equal to 
the water saturation will be made. The magnitude of the error introduced 
by ignoring connate water in estimation of gas reserves may be even 
greater than in estimation of oil reserves. 

Secondary Recovery.—The prevalence of appreciable quantities of con- 
nate water in oil-bearing formations throws a somewhat different light on 
both the actual unit quantities of oil and gas originally in place in the 
ground and the efficiency attained in oil recovery. This is important in 
consideration of secondary methods of recovery such as water-flooding 
or repressuring. The need of knowing the facts concerning the presence 
and amount of connate water before undertaking such programs has 
already been discussed.”*? 

Influence on Operations.—There has been considerable speculation as 
to the possible influences of connate water upon the various operations 
associated with the production of oil and gas. It is known that the 
presence of high concentrations of water in oil-and-gas-bearing formations 
reduces their sensitivity to detection either by visual examination of cores 
or by electrical methods of logging. Furthermore, it is known that the 
permeability of sand to oil is considerably reduced when relatively large 
amounts of water are contained within the pore spaces. Water satura- 
tions up to 10 to 15 per cent have little effect, but saturations exceeding 
these limits markedly deter flow. 

There is both experimental evidence and field experience to indicate 
that a fairly definite oil-water saturation ratio exists for a system of given 
properties, which determines whether oil will be yielded exclusively or 
accompanied by the water. The existence of such a limiting value may 
become important in the production of sands that are highly saturated 
with connate water. It may be possible in some instances that only a 
relatively small quantity of the oil need be removed before the point 
would be reached where the entire formation would produce both oil and 
water. This might require early artificial lifting and production of great 
quantities of water before all the oil that it might be possible to recover 
is obtained. 
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DISCUSSION 
(R. L. Huntington presiding) 


W.S. Watts,* Bartlesville, Okla. (written discussion).—The practical significance 
of connate water in primary and secondary oil-producing operations is of considerable 
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importance in the estimation of oil and gas reserves and recovery. In secondary 
operations cores of oil-bearing formations are subjected to laboratory analyses for the 
purpose of determining sand characteristics and for the estimation of probable oil 
recovery. Ordinary laboratory determinations of oil and water saturation of cores 
frequently fail to permit a satisfactory estimate of recoverable oil present in the core 
due to the influence of connate-water saturation on the amount of residual oil that 
will remain in the core after being subjected to flooding operations. This influence is 
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indicated when cores containing their natural saturation are subjected to laboratory 
flooding tests. 

In Fig. 7 the results of a few laboratory flooding tests on sandstone cores of several 
productive formations are shown to indicate the general effect of connate-water satura- 
tion on the residual oil saturation remaining in the core after being subjected to labora- 
tory water-flooding tests under comparable conditions. For conducting these tests 
samples of rotary cores were taken from sections of formation having rather uniform 
sand characteristics adjacent to the usual saturation samples. The samples for the 
flooding tests were prepared in the form of cylinders and subjected to flooding in the 
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direction parallel to the bedding planes. Pressure gradients of the order of 5 to 10 lb. 
per sq. in. per inch were employed for the flooding operation and the residual oil 
saturations shown in Fig. 7 represent the condition of the core when the water-oil 
ratio of the fluids being produced had reached a value of approximately 500. 

A plot of the specific permeability versus the residual oil saturation after flooding 
gives curves that are somewhat similar in character to the curves for permeability 
versus connate-water saturation shown in Fig. 6. For sands of similar physical charac- 
teristics the residual oil saturation after flooding is less for water-wet sands containing 
high connate-water saturation. This difference is strikingly indicated in Fig. 7, by 
the difference in the residual oil saturation for artificially saturated cores having no 
connate-water saturation and for the cores containing natural saturation. 

In general, Bartlesville sand cores show a much wider spread in residual oil satura- 
tion than Bradford sand cores. Bartlesville cores having lower connate-water satura- 
tion and higher initial oil saturation than those shown in Fig. 7 frequently give residual 
oil saturations as high as those shown for Bradford cores. 

The initial oil saturation of the Peru sand cores shown in Fig. 7 were comparable 


to the residual oil saturation remaining in the Bradford cores after flooding; however, 


because these cores appeared to be water-wet and contained more connate water, an 
appreciable amount of the oil present was recovered by laboratory water-flood- 
ing operations. : 

The flooding of the Peru and Richburg Stray sand cores brought out another item 
of possible significance. The Richburg Stray sand cores had initial oil saturations of 
from 20 to 30 per cent and contained a large amount of salt water. The formation 
produced mostly salt water with a little oil. The residual oil saturation of the cores 
was reduced only a small amount by flooding. The Richburg Stray sand cores 
appeared to be oil-wet, whereas the Peru sand cores appeared to be water-wet. The 
Richburg Stray sand in the area was very fossiliferous, had some calcareous cementing 
materials and contained considerable clayey matter. The Peru sand cores, on the 
other hand, were mostly silica with siliceous cementing materials. 

The residual oil saturations of the Richburg sand shown in Fig. 7 were taken from 
the present gas cap of the formation some 50 years after the pool had been opened to 
production. Laboratory water-flooding tests failed to reduce the residual oil satura- 
tion of the cores. Cores taken from lower on the structure in the present oil-producing 
zone had higher oil saturation, and, although the physical characteristics of the sand 
were identical with those of the present gas cap, laboratory water-flooding tests yielded 
residual oil saturations similar to those shown for Bradford cores. While complete 
information is not available to definitely prove the contention, it seems possible that 
the effects of gravitational forces over the long period of time may have been sufficient 
to reduce the residual oil saturation of the zones of higher permeability to a much 
lower value than ordinarily is obtained in water-flooding operations. 

The residual oil saturations obtained by laboratory flooding tests are influenced 
to some extent by the magnitude of the pressure gradient applied for flooding, by the 
viscosity of the oil, and by the physical characteristics of the sand. However, when 
the samples are selected to maintain these variables fairly constant, the pronounced 
effect of connate-water saturation on the residual oil saturation after flooding is clearly 
indicated. The supplementing of the usual core analyses by tests to indicate more 
directly the amount of recoverable oil in the formation greatly assists in the estimation 
of reserves and recovery from primary as well as secondary operations. 
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permeability-saturation relationships for unconsolidated sands, involving 
the flow of oil-gas mixtures. The general treatment of the flow of 
heterogeneous fluids through porous media by Muskat and Meres,? 
based upon the experimental data of Wyckoff and Botset,‘ is the first 
treatise of its kind permitting the application of the developed theoretical 
considerations to a specific problem. 

A large portion of the petroleum produced in Oklahoma is taken from 
the Wilcox sand which is productive in various localities at depths 
ranging, for the most part, from 4000 to 7200 ft. below the surface. 
Proper application of fluid-flow data to production practice in these pools 
would probably result in an increase of ultimate recovery beyond present 
estimates and would serve as a basis upon which the development of new 
pools could be predicated. To this end, the present scope of this investi- 
gation has been confined to the flow of reservoir fluids through tubes 
packed with Wilcox sand. 


APPARATUS AND MATERIALS USED 


Mechanical Apparatus.—The apparatus used to obtain the data pre- 
sented here consisted, essentially, of a flow tube 2 in. by 21 ft. 4 in., which 
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Fic. 1.—FLOW DIAGRAM OF TUBE ASSEMBLY. 


was equipped with five pressure taps for Bourdon pressure gauges spaced 
at 5-ft. intervals and packed with unconsolidated Wilcox sand from 
the Oklahoma City reservoir, mounted on beam scales weighing to 0.05 lb.; 
a 1-gal. Wolff bottle, fitted up for use as an oil-gas separator, mounted on 
beam scales weighing to 0.01 lb.; and a domestic type of gas meter in a tin 
case, for measuring gas volumes to 0.01 cu. ft. Flexible connections were 
provided for both flow tube and separator, in order to obtain accurate 
weight measurements. The arrangement of the equipment and the 
manner of connecting it to the high-pressure separator at the well is 
illustrated in Figs. 1 and 2. 

Gas-saturated Crude Oil.—The gas-saturated oil used in this investiga- 
tion was obtained, as shown, at the Anderson-Prichard Oil Corporation 
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No. 1 State well, in the Moore field, Cleveland County, Oklahoma. This 
oil is similar in many respects to the average Mid-Continent light crude 
oil, having an average gravity of 42° A.P.I. at atmospheric pressure. 

Reservoir Sand.—Many of the studies of fluid flow through porous 
media have utilized carefully sized sand, or glass beads, in order to 
obtain interstices of uniform size and to make all pore space available for 
fluid flow. In this study, no attempt was made to obtain a sand body 
composed of uniformly sized sand grains, as it was desired to approximate 
natural reservoir conditions as closely as possible. 


Fic. 2.—F.Low-TuBE ASSEMBLY, Moork FIELD, OKLAHOMA, 
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Microscopic examination of clean Wilcox sand showed a well rounded, 
frosted, quartz grain; well suited to an investigation of this type. 

Packing the Sand in Tube.—Reservoir sand, obtained from a cleanout 
of a well producing from the Wilcox zone in the Oklahoma, City field, 
was selected for use in the tube instead of clean Wilcox outcrop sand. 
Preliminary investigations showed that the inherent asphaltene coating 
of the sand grains contributed a major portion of the resistance to fluid 
flow through the sand body. Obviously, the manner of packing the tube 
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was of prime importance in order to obtain, as nearly as possible, constant 
porosity and permeability throughout the reservoir. This was accom- 
plished by: (1) gluing a thin film of outcrop sand to the tube wall to 
ensure a perfect bond between the sand body and the walls, and (2) 
adding the reservoir sand in small amounts and packing it by simultaneous 
hammering on the tube walls and tamping with a length of 14-in. pipe. 
The sand was confined to a constant volume by means of 100-mesh Monel 
screen disks at the inlet and outlet ports, and by porous lead wool plugs 
at the pressure taps. 

Porosity determinations were complicated by the fact that the weight 
of the reservoir sand was partly due to its residual oil content. To 
determine the weight due to the sand alone, an analysis was run by means 
of firing a weighed sand sample in a porcelain crucible for 3 hr. and noting 
the loss in weight, which was attributed to the residual oil in the sand. 
This method of analysis is based on the fact that Wilcox sand is prac- 
tically pure silica and therefore is unaffected by temperatures below the 
fusion point. 

Knowing the tube volume and the sand weight, together with the 
correction factor for residual oil content, the absolute porosity of the 
tube was calculated to be 34.3 per cent. 


Trst PROCEDURE 


As shown in Fig. 1, the tube inlet was connected to the bleeder valve 
at the bottom of the Feraison gauge column on the high- -pressure sepa- 


TABLE 1.—Steady-state Flow through 2-in. Tube 
Air temperature, 95° F. Barometric pressure, 14.1 lb. per sq. in. abs. 


Run No. 1 2 3 4 5 6 7f 


Pressure, lb. per sq. in. abs. 


ShyRUIRAOING cone opoon BUGS © 6041 574, 581) 584 586) 577) 570 

ICE ecco Sembee ore 594, 564, 571| 574, 576; 567} 560 

Wawel 1 Veso. oc Cae me nee ee 476| 471| 492} 520) 496, 473| 451 

STOR ADS tick nbn scares 379, 400| 438) 484 443) 396; 360 

AE VND 0.6 Salma) Sebo ce vee 239| 299] 363) 437; 368) 299; 229 

Ey A Ditarerereten skewers eee ate Lids 204) “esr 415|> -312)- 214) 114 
Relative density of oil-gas mix- 

ture in tube vs. water........ 0.570] 0.583] 0.588] 0.599] 0.577) 0.566) 0.566 

Residual oil run, Ib............. 2 2 2 2 2 2 1 

Residual oil gravity, deg. A.P.I..| 41.9) 41.8 41.9| 41.8] 42.2) 42.2) 41.9 

Metered gas, cu. ft............-| 4.46) 4.25 4.25) 4.14 4,18) 4.33) 2.25 

Produced gas, std. cu. ft........ 4.02) 3.79] 3.78] 3.68] 3.74) 3.865} 2.00 

Total time, sec.........-.--+-- 467| 574) 759). 1191 757| 6591) 252 

Residual oil rate, gal. per min. . .|0.0370)0.0306 0 .0232/0.0148/0 .0235/0.0300/0 .0349 

Gas rate, cu. ft. per min........ 0.5060/0 3960/0. 2990/0. 1850/0 .2970|0.3925/0. 4770 

Gas-oil Tabi. tes ae 574, 542| 540) 526| 533; 548) 574 
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rator. In flowing oil to the tube, the valve between the top of the gauge 
column and the separator was closed to prevent gas from entering the 
flowtube. Saturation of the sand body was accomplished by opening both 
inlet and outlet valves, permitting gas-saturated oil to flow through the 
tube until all dead oil had been displaced. The outlet valve was then 
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closed, gradually, until maximum readings of tube weight and over-all 
pressure were obtained. This procedure required from 30 to 45 minutes. 

Steady-state Flow.—Tube regulation for steady-state flow tests was 
maintained by opening the tube inlet valve to the high-pressure separator 
and adjusting the outlet valve so as to set the fifth tap pressure at a 
predetermined value. When a steady-state condition had been reached, 
data were taken, based on the flow of one pound of residual oil into the 
separator. ‘Time of flow and gas-meter readings were observed on the 
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swing of the scale beam at the start and finish, by means of a stop watch. 
The gas temperature was taken at the meter outlet, and the residual oil 
gravity determined by a standard A.P.I. hydrometer. 

Unsteady-state Flow.—In carrying out unsteady-state flow tests, great 
care was exercised to completely saturate the tube with fresh gas- 
saturated oil, as described above. When both weight and pressure 
readings were observed to be constant, the inlet and outlet valves were 
closed and all initial readings noted. The outlet valve was then opened 
to a predetermined position and readings taken for pressures at all taps, 
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residual oil weight, and gas-metered for the first two }4-min. intervals 
and at each minute thereafter until the efflux of residual oil from the tube 
had declined to the point where successive weight increments were prac- 
tically negligible. 


Discussion OF RESULTS 


Steady-state Flow 


Pressure Differentials—The original data are presented in Table 1. 
The distribution of pressure throughout the tube is shown in Fig. 3. 
For the lower over-all pressure differentials there is a tendency for the 
pressure to fall off more slowly as the outlet end of the tube is approached, 
while for the higher over-all differentials the rate at which the pressure 
falls increases toward the discharge end. With the release of gas from 
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solution in the crude oil, it was expected that the resistance to the flow 
of the two-phase mixture would increase progressively but, for some 
unknown cause, this increase in resistance was not evident until the 
over-all pressure drop was increased to 300 lb. per sq. in. throughout the 
length of the tube. No doubt the higher differential pressures caused an 
increased evolution of gas with a resultant greater resistance to flow 


TaBLE 2.—Unsteady-state Flow through 2-in. Tube 
Roun No. 8. Vatve Sertine, 44 Rounp Open 


Air temperature, 94° F. Residual oil gravity, 40.8° A.P.I. 

Gas temperature, 98° F. Weight of charged oil, 6.64 Ib. 

Barometric pressure, 14.1 lb. per sq. in. Saturation pressure, 551 lb. per sq. in. 
abs. abs. 


C Cumu- 
con Resid- | Gas Cumu-|Cumu-} lative 

= G ©! Resid- | ual Oil| Rate, Gas- | lative | lative | Oil and 

vat ual Oil} Rate, | Cu. Oil | Resid- Prod. |Gas Re- 

o!- |Weight,| Gal. Ft. Ratio ual Gas, Sorerie 


Average 

Tube 
Cumulative | Pressure, 
Time, Min. | Lb. per 


peer : r Filet) qeenie ; 

wie a: a Min. Min. gi Ft. Per 

Cent 

0 0 0 0 0 0 0 0 0 
4 0.50 0.522] 0.30 |0.08760} 1.044] 500 |0.0439] 0.522] 7.52 
1 0.40 0.494) 0.37 0.10820] 0.988} 415 |0.0980] 1.016] 13.54 
2 0.50 0.723] 0.40 |0.05850} 0.723] 519 |0.1560] 1.739] 21.10 
3 0.30 0.723] 0.12 |0.01753|) 0.723] 1734 |0.1740] 2.462] 25.60 
4 0.00 0.650} 0.10 |0.01460) 0.650} 1868 |0.1890] 3.112] 25.60 
5 0.20 0.531] 0.07 |0.01020} 0.531] 2180 |0.1990] 3.643] 28.65 
6 0.00 0.503} 0.06 |0.00877) 0.503] 2415 |0.2080| 4.146] 28.65 
7 0.10 0.494) 0.05 |0.00731] 0.494] 2840 |0.2150] 4.640] 30.10 
8 0.10 0.393} 0.03 |0.00438] 0.393] 3770 |0.2190| 5.033) 31.60 
9 0.00 0.384) 0.04 |0.00585| 0.384] 2760 |0.2250] 5.417] 31.60 
10 0.20 0.330] 0.03 |0.00438] 0.330] 3165 |0.2300| 5.747| 34.60 
11 0.00 0.302} 0.02 |0.00292|} 0.302] 4340 |0.2330| 6.049] 34.60 
12 0.10 0.293) 0.02 |0.00292| 0.293] 4210 |0.2350| 6.342] 36.10 
13 0.00 0.247| 0.01 |0.00146| 0.247] 7100 |0.2370] 6.598] 36.10 
14 0.00 0.220} 0.01 |0.00146} 0.220] 6300 |0.2380! 6.809] 36.10 
15 0.00 0.193} 0.01 |0.00146} 0.193} 5530 |0.2395| 7.001] 36.10 
16 0.10 0.193} 0.01 /0.00146| 0.193] 5530 |0.2410] 7.194] 37.60 
17 0.00 0.211] 0.00 |0.00000] 0.211 0.2410] 7.405] 37.60 
18 0.00 0.101} 0.00 |0.00000} 0.101 0.2410) 7.505] 37.60 
Over-all..... 2.50 | 8.20 | 7.507] 1.65 1425 |0.2410) 7.505] 37.60 


toward the outlet end of the tube. This explanation is supported by the 
theory of effective permeability of gas-liquid mixtures as proposed by 
Wyckoff and Botset,* who stated that the greater the gas-oil ratio at any 
point within the tube, the lower would be the effective liquid permeability 
and, therefore, the greater the differential pressure required to maintain 
steady-state flow. 

Production Rates.—In Fig. 4, the relationship is shown between pro- 
duction rates and the over-all pressure drop across the tube. Both the 
oil and gas rates vary directly with the pressure differentials through the 
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tube until the outlet pressure reaches about one-half of the saturation 
pressure, after which the oil and gas rates begin to level off. Muskat 
and Meres* have shown, in a theoretical analysis, that the performance 
of a heterogeneous fluid under steady-state flow is similar in character to 
the behavior of the oil-gas mixture presented in Fig. 4. The relative 
over-all density of the oil-gas mixture versus water varied from 0.600 to 
0.566, depending upon the pressure drop. 


Unsteady-state Flow 


Pressure Gradients.—The original data for the unsteady-state flows 
are presented in Tables 2 and 3. The two runs were made at different 
rates by setting the efflux valve at small and at relatively large openings. 
The pressure gradients are presented in Figs. 5 and 6, showing pressure 
distribution through the reservoir at various time intervals. Run No. 8 
is typical of a relatively slow efflux rate. In the early part of the run 
the over-all pressure drop was 165 lb. per sq. in., while at the end of the 
same run the differential had fallen to 27 lb. per sq. in. In the fast run 
(run No. 9), the differential, after 14 min., was 265 lb. per sq. in. How- 
ever, at the end of the run, it had declined to approximately 30 lb. per 
sq.in. Muskat and Meres? have also analyzed the history of the pressure 
decline in a linear channel with one terminal closed and the other open 


TaBLE 3.—Unsteady-state Flow through 2-in. Tube 
Run No. 9. Vatve Serrine }4 Rounp Open 


Air temperature, 94° F. Residual oil gravity, 41.0° A.P.I. 
Gas temperature, 102° F. Weight of charged oil, 6.74 lb. 
Barometric pressure, 14.1 lb. per sq. in. Saturation pressure, 568 lb. per sq. in. 
abs. abs. 
Cumu- 
Average por ae Resid- | Gas Cumu-|Cumu-| lative 
Tube | Tube | duced | rected) Resid- | ual Oil) Rate, | Gag. | lative | lative | Oil and 
Cumulative Pressure, |wWeight| 728 88 | ual Oil| Rate, | Cu. \S- | Resid-| Prod. |Gas Re- 
Time, Min Lb, Loss, Vol- | Vol- Weight,| Gal. Ft. an ual | Gas, | covery, 
’ . persed: Lb me a a NOTES. pet pet atio Oil, C u. We. 
5 5 P Oo 0 f er 
Abs. inte, [eta a zo a Gat 
0 558 0 0 0 0 0 0 0 0 0 0 
Vy 422 0.80} 1.15 | 1.040 1.040} 11.86 
1 381 0.60 | 0.67 | 0.605} 1.04 |0.15200) 1.645 454) 0.152) 1.645) 20.75 
7) 330 0.25 | 1.36 | 1.230] 0.37 |0.05410) 1.230 954| 0.206) 2.875} 24.50 
3 261 0.35 | 1.23 | 1.110} 0.22 |0.03220) 1.110 1447| 0.238] 3.985) 29.70 
4 203 0.30 | 1.18 | 1.067} 0.07 |0.01020 1.067} 4390] 0.249) 5.052) 34.20 
5 155 0.15 | 0.92 | 0.832} 0.06 |0.00876| 0.832 3990] 0.257) 5.884} 36.40 
6 123 0.05 | 0.64 | 0.577} 0.03 |0.00438) 0.577 5520] 0.261) 6.461) 37.10 
7 99 0.05 | 0.51 | 0.460} 0.01 |0.00146 0.460) 13260] 0.263) 6.921) 37.80 
10 64 0.10 | 0.97 | 0.877} 0.03 |0.00146} 0.292 8390] 0.268] 7.798) 39.30 
18 34 0.15 | 1.13 | 1.020) 0.06 |0.00110 0.128} 4865) 0.276) 8.818} 41.50 
Over-all..... 2.80 | 9.78 | 8.83 1.89 1335} 0.276) 8.818] 41.50 
te ee 
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to production, resulting in pressure-gradient curves similar in character 
to those presented here. 

Production Rates—The graphical analysis of run No. 8 is given in 
Fig. 7, showing the production rates of oil and gas in their relationship to 
time. These rate curves take the usual shape of reservoir depletion 
curves, with a tendency for the gas-oil ratio to increase gradually through- 
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out the production period. In the faster run (Fig. 8), the decline of the 
oil rate is much sharper. Toward the close of this period of rapid decline, 
the gas-oil ratio goes through a maximum, due in part to the pronounced 
flattening of the oil-rate curve, together with the steady decline in 
gas rate. 

In Figs. 9 and 10, the cumulative production records are plotted 
against the average reservoir pressures existing at various time intervals. 
It is interesting to observe that the maximum production of oil per unit 
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reservoir-pressure decline comes in the early life of the cycle. In this 
connection it should be noted that, in saturating the sand in the tube 
prior to commencing these tests, the initial reservoir fluid content attained 
Sgek from 96 to 98 per cent by weight; indicating the presence of some 
ree gas. 
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_ Therefore it is evident that this maximum production per unit of pres- 
sure decline is the result of the expansion of the free gas? and that sub- 
sequent production is due to the relatively slow diffusion of solution gas 
into the gas cap, as evidenced by the decreased slope of the curve. 


CONCLUSIONS 


To summarize the results of the data presented here, the following 
conclusions may be drawn: 
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1. Pressure gradients observed when maintaining both steady-state 
and unsteady-state flow of an oil-gas mixture through an unconsolidated 
sand body very closely approximate the gradients obtained experiment- 
ally from a carbon dioxide-water system by Wyckoff and Botset* and 
the theoretical consideration developed by Muskat and Meres.* The 
shape of these curves plainly demonstrates the importance of effective 
permeability in heterogeneous fluid flow through porous media. 

2. Further analysis of these data indicates that, in order to obtain 
the maximum degree of flow efficiency and to maintain minimum gas-oil 
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ratios in the reservoir, the flowing bottom-hole pressure should be equal 
to at least 50 per cent of the shut-in bottom-hole (or saturation) pressure. 

3. The productive history of the reservoir under various conditions of 
unsteady-state flow shows a rather remarkable similarity to that obtained 
in actual practice. The effect of the presence of a gas cap on oil produc- 
tion is shown, and also the variation in decline of oil and gas rates and 
gas-oil ratio trends for different rates of withdrawal. 

4. Data obtained from these various conditions of unsteady-state 
flow suggest that the ultimate yield of oil and gas is some function of the 
rate of withdrawal from the reservoir. The existence of an optimum rate 
of withdrawal has been. indicated, since the ultimate recovery may be 
reduced by producing the reservoir at a very low rate, as well as at a very 
high rate. 
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Recent Advances in Knowledge of the Colloidal Properties 
of Clay Suspensions and Gels 


By Cuaries E. Reep* 


(Oklahoma City Meeting, October, 1937) 


Wiru the increasing importance of clay in drilling operations which 
demand more precise and exacting control over its behavior, there has 
come the realization that most of our present methods of control over 
many of its important properties still represent more of an art than a 
science. Such a situation with respect to a material of such industrial 
significance is unfortunate, and naturally many investigations have been 
conducted to improve our knowledge. In general, these investigations 
have revealed the complex nature of clay behavior and while sometimes 
they may not have seemed to contribute directly to a solution of the field 
operator’s problems they have been of inestimable importance in bringing 
to light the broad fundamental scientific principles upon which must be 
based any effective working theory correlating the known facts of clay 
behavior and predicting profitable new lines of attack for its improvement. 


Masor Facts ConceRNING BEHAVIOR OF CLAYS 


In the study of clays, as in that of most other colloidal materials, it 
has been impossible to make progress by the study of isolated facts. On 
the other hand, analysis of large groups of facts, many of which seem at 
first completely unrelated, can lead to a deeper insight into the structure 
of clays and the mechanism of their behavior. It will be well to list the 
major facts on which the analysis here presented is based, starting with 
those that have emerged repeatedly from past investigations and which 
thereby constitute an impregnable foundation upon which must rest any 
comprehensive theory of clay behavior: 

1, Clays consist of hydrated aluminosilicates of extremely fine and 
variable particle size. 

2. Suspended in water, clays exhibit variable degrees of swelling, 
depending upon their origin and upon the chemical and colloidal nature 
of any other substances present. The magnitude of the swelling is a 
direct indication of the extent to which the clay has become dispersed. 


Manuscript received at the office of the Institute Sept. 20, 1937. 
* Department of Chemical Engineering, Massachusetts Institute of Technology, 
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3. Associated with any given natural clay is always found a definite 
quantity of dissociable metals, usually alkaline or alkaline-earth cations. 
These cations are readily replaceable by each other and by hydrogen; a 
clay may be saturated with any metallic cation by repeated treatment 
with a solution of the corresponding neutral salt or hydroxide in the case 
of a metal, or acid in the case of hydrogen. 

4. Purification of clay from replaceable metals may be effected by 
dialysis. In this process the water dispersion of clay is enclosed within a 
membrane having pores large enough to allow free passage of the ions 
across it to distilled water without, where they are washed away. The 
clay particles are too large to pass through the pores of the membrane and 
they remain behind where hydrogen ions from the water replace the 
cations that have been removed. 

5. The viscosity of clay suspensions is always markedly greater than 
that of water alone and, like swelling, varies widely with the chemical and 
colloidal nature of any other substances present. This increased viscosity 
must be due to the interference of the suspended particles of clay with 
normal flow of the suspending liquid. 

6. Under proper, but widely variable, conditions of concentration of 
clay and electrolyte present it is possible to obtain a clay gel that possesses 
a yield point necessitating a finite distorting force to make it flow as 
contrasted to a suspension which, like a true liquid, will flow under a 
differential distorting force. 

7, Examined under the ultramicroscope the individual clay particles 
in a fluid suspension (sol) exhibit violent Brownian motion, while those in 
a gel are still distinct, but motionless. Without question the f ormation of 
a gel with its yield point and greatly increased viscosity has come from 
some type of structure built up within the liquid as a result of the sus- 
pended particles becoming locked into fixed positions, although, as 
will be seen later, the mechanism by which this locking takes place 
is questionable.* 

8. Very often the particles are locked into place only loosely, as it is 
possible by relatively weak mechanical agitation to destroy the gel struc- 
ture and produce a sol, which, if allowed to stand undisturbed, will 
increase in viscosity and reset to a gel. Such systems are called thixo- 
tropic in the literature. 

9. The viscosity of a clay suspension is a much more complex quantity 
than that of a true liquid, where it is a constant equal to the shearing 


* The occurrence of structure in a suspension of particles implies that a finite 
force is necessary to change the position of any one particle with respect to the other 
particles. Under such conditions the suspension of particles is said to constitute a gel 
as contrasted to a sol, a suspension in which each particle may be freely moved about 
by application of only a differential distorting force. Many types of structure may 
be imagined to exist within a gel and gels of different substances may have widely 
differing types of structure. 
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stress divided by the rate of shear. If, by analogy to a liquid, the viscosity 
of a suspension be defined as the ratio of shearing stress to rate of shear, 
this quantity is not a constant but is some complex function not only of 
the rate of shear itself but also of the time and the past history of the 
suspension, the latter manifesting itself as thixotropic behavior. There- 
fore, whenever viscosities of clay suspensions are reported they are 
meaningless unless accompanied by a detailed description of the exact 
conditions of measurement. 


RELEVANT Facts From ReEcENT INVESTIGATIONS 


It must be repeatedly emphasized that the only difference between 
clay suspensions and gels that has been discovered to date is a mechanical 
difference, the gel possessing a yield point and a higher viscosity. From 
the standpoint of the production engineer, it is just these mechanical 
differences that are most vital, for they must affect directly such impor- 
tant properties of a drilling mud as its ability to suspend and be freed 
from cuttings, its ease of circulation and settling characteristics, and its 
retention of gas bubbles. As the relatively high viscosity of clay sols is 
due to interference of the constituent particles with flow and as the yield 
point of clay gels is due to these same particles forming a structure it is 
clear that particle structure, shape and size will exert a tremendous 
influence upon all of the important mechanical properties mentioned 
above. Our knowledge of all these properties, formerly highly specu- 
lative, has undergone great strides as a result of recent investigations. 


PARTICLE STRUCTURE AND SHAPE 


Clays of industrial importance may be divided into two main groups— 
the kaolinite group having the empirical formula Al.03.2S8i0..2H.O and 
the montmorillonite group the empirical formula Al.03.4S8i0..H.O. It 
has been shown from X-ray data that the crystal lattice of both groups is 
of the layer type consisting of superimposed planes of aluminum and 
silicon bound together through oxygen bridges. 

Fig. 1 shows a schematic diagram of the structure of montmorillonite, 
the chief clay mineral in bentonite.*° Each group of planes consisting of 
two layers of silicon atoms bound to one layer of aluminum atoms through 
planes of oxygen atoms can extend indefinitely in the b direction as shown 
on the diagram and in the a direction perpendicular to the diagram. 
Such a group of planes, hereafter referred to as a crystallite, is composed 
of an indefinite number of unit cells—the smallest units in the crystal that 
repeat themselves. The clay particle may consist of but one crystallite 
or an indefinite number of crystallites stacked on top of each other like a 
pack of cards and held together by residual surface forces. The structure 
shown in Fig. 1 indicates that individual clay particles have great strength 


** References are at the end of the paper. 
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and that they might readily form the rigid, platelike particles with 
enormous ratios of length to thickness as previously postulated.}%1! 

Fig. 1 also illustrates that the clay minerals are in general of widely 
variable compositions and isomorphous structure, it being possible in this 
case for iron and magnesium to replace aluminum. 

An insight into the origin of the swelling properties of bentonite muds 
may be obtained by examination of Figs. 1 and 2. When bentonite is dry 
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Fia. 1.—ScHEMATIC DIAGRAM OF MONTMORILLONITE. 
[H,0(A1,03.Fe.03.3Mg0)4Si0. + nH,0] 


the individual crystallites are bound closely to one another and the dis- 
tance in the c direction from any plane in one crystallite to the correspond- 
ing plane in an adjacent crystallite is about 11 A. (1 A. = 10-* cm.). 
When water is added to the bentonite in increasing amounts, the water 
molecules migrate in between adjacent crystallites and pry them f arther 
and farther apart. 

Hofman and Bilke have watched this process take place under the 
X-ray and have measured how the distance between corresponding atoms 
in adjacent crystallites increases with water content of the clay. Fig. 3 
shows that as the vapor pressure of H.O over the clay increases from 
0 to 17 mm. Hg, corresponding to an increase in water content from 
0 to 37 per cent, this distance practically doubles. At higher water 
concentrations it is possible that some of these groups of planes become 
quite free from their neighbors and float off through the suspension. 

Before leaving Fig. 1, attention should be called to the probable loca- 
tion of metallic cations and hydrogen in bentonite. It can be seen that 
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if a water molecule should react with an oxygen atom bound to two 
silicon atoms in the surface plane of a crystallite, two hydroxyl groups 
would result. The hydrogen of these hydroxyls can ionize and be replaced 
by metals, and in strongly acid solutions the hydroxyl group as a whole 
can react as a base giving clay its amphoteric properties. In addition, it 
is possible that there is enough room in the crystal lattice for the dissoci- 
able hydrogen ions to migrate out from the interior hydroxy] groups into 
solution. The dissociation of cations in the form of hydrogen or metals 
from the clay particle leaves it with its characteristic negative change, and 
indeed it is possible to think of clay as a polyvalent electrolyte with a 
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large colloidal anion. The dissociable ions have a definite, average, 
standoff distance from the surface of the particle, this distance being 
determined by an equilibrium between the forces of kinetic activity tend- 
ing to move them out into solution and the forces of electrostatic attrac- 
tion tending to restrain them within the vicinity of the surface. Since the 
attraction between two electric charges of opposite sign is proportional 
to the product of the charges and inversely proportional to the distance 
between them, the average standoff distance of divalent and poly- 
valent cations from the surface of a crystallite is less than that of uni- 
valent cations. 

Hydrogen bentonite prepared either by acid washing or dialysis may 
be titrated to an end point with base and its equivalent weight deter- 
mined as around 1000.58 The fact that the equivalent weight of a 
bentonite of a given origin is a constant independent of the size of the 
individual particles® is additional evidence for the open, porous structure 
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of the clay particle as presented in Fig. 1, indicating that ions can migrate 
into the cracks between crystallites. Fig. 1 indicates, however, that if 
the lattice were to be broken up a change in equivalent weight of the 
clay could occur in some cases, depending on the state of aggregation 
of the plates. This result has been reported for some clays.” 

It is the unusual swelling ability of bentonite that makes it so valuable 
as a suspending and geling agent. Kaolin, while having a layer lattice 
similar in some respects to bentonite, does not exhibit the variable C 
distance between its groups of planes and, as is well known, kaolin swells 
in water to an order of magnitude less than that of bentonite. Many 
muds with intermediate swelling properties may consist of mixtures of 
minerals of the kaolinite and montmorillonite type and the blending of 
such types suggests a possible method of control over the mechanical 
properties of the resulting suspensions and gels. 

Most of the particles of kaolins are large enough to be seen under the 
_ ordinary microscope and their tendency to assume the platelike habit is 
unmistakable. On the other hand, the majority of the particles in 
bentonite are too small to be resolved under the ordinary microscope but 
when viewed in the ultramicroscope they can be seen indirectly asinnum- 
erable twinkles and flashes of light resulting from the changing intensity 
of light reflected from the faces of tiny plates twisting and turning in 
ceaseless Brownian motion. 


PARTICLE SizE AND Its DISTRIBUTION 


All naturally occurring clays contain particles of different sizes. In 
kaolins it is usually found that 90 per cent of the particles have dimensions 
greater than 500 mu (1 mu = 10-7 cm.) and hence can be measured 
directly in the ordinary microscope. In contrast, most of the particles 
in bentonite cannot be resolved in the ordinary microscope and indirect 
methods must be used to estimate the particle size. 

The most convenient method of characterizing the size of small 
particles lies in a determination of their settling rates. A particle settling 
in a liquid will increase in velocity until the frictional drag exerted upon 
it is just equal to the force causing it to settle. In general, the greater the 
mass of a particle of given shape, the greater its settling velocity, while a 
particle of given mass will settle at different velocities, depending upon its 
shape. Although it is known that platelike particles of given mass settle 
more slowly than spherical particles of equal mass, the laws governing the 
sedimentation of plates are unknown and it has become customary to 
report a particle of any shape settling at a given rate as having an ‘‘equi- 
valent diameter” equal to the diameter of a spherical shaped particle of 
the same material that will settle at the same rate. Since in general all 
particles of a given material are of similar shape, the concept of “equiv- 


246 COLLOIDAL PROPERTIES OF CLAY SUSPENSIONS AND GELS 


alent spherical diameters’? enables us to compare the relative size 
of particles. * 

Since a sample of clay will, in general, contain particles of variable 
size, it is important to know the nature of the particle-size distribution; 
i.e., the proportions of the sample represented by particles of different 
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sizes.{ Particle-size distribution data may be obtained most con- 
veniently by sedimentation methods. The particles in most clays are too 


* An additional complicating factor in the interpretation of equivalent spherical 
diameters comes from the fact that the velocity of a particle may vary according to 
the position it occupies in settling. Thus, plates will settle fastest when their long 
axes are parallel to the direction of sedimentation. Fortunately, the complication 
of this factor is reduced to a minimum in the present case, where we are dealing with 
plates and all sedimentations were conducted in strong centrifugal fields. Under these 
circumstances a force analysis on a settling plate shows that it will orient with its 
long axes parallel to the direction of sedimentation. Thus all plates will settle in the 
same relative position. ' 

| The particle-size distribution of a given sample may be represented by a curve 
like that in Fig. 4, where the ordinate P at any point gives the per cent by weight of 
the particles in the sample having diameters below D. Frequently the data repre- 
sented by the type of curve in Fig. 4 are replotted in the form of Fig. 5. In Fig. 5, 
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small for practical separation by gravity and it is necessary to resort 
to centrifugal fields.* 


Table 1 presents size-distribution data obtained by Marshall on a 
kaolin and a bentonite. The coarse impurities, those about 2u (lu = 


TABLE 1.—Size-distribution Data 


500-200 mz | 200-100 mp | 100-50 my < 50 mu 


stele 7.5 3.8 
20.6 4.0 


a Per cent by weight of sample having equivalent spherical diameters > ly. 


0.001 mm.), were removed by gravity sedimentation. The clays were 
purified of metals by electrodialysis and suspended in 0.2 per cent Na2CO3. 


DIN mp 
Fic. 6.—PARTICLE-SIZE DISTRIBUTION OF WYOMING BENTONITE. 


The great difference between kaolin and bentonite is readily apparent. 
It is probable that the larger fractions of this bentonite are not homogene- 
ous and that the true montmorillonite fraction with high swelling and 
geling properties is the finest material. Hauser and Reed have reported 
a complete centrifugal sedimentation analysis on a highly purified sample 


at any value of the diameter D, the corresponding ordinate is the slope of the curve in 
Fig. 4 at this same value of D. This slope is called the particle-size distribution 
function f(D), and the ratio of the area bounded by any two ordinates in Fig. 5, such 
as D; and Dz, to the total area under the curve extending from the smallest to the 
largest particle is equal to the per cent by weight of the particles in the sample having 
diameters between D, and Dz. 

* It is without the scope of this paper to describe centrifugal methods of particle 
size analysis. Marshall'4 has proposed a method using the basket-type centrifuge, 
which is applicable to the larger particles in clays, while Hauser and Reed‘ have 
developed a method using the supercentrifuge, which is applicable to the finest parti- 
cles. While the ultracentrifugal methods of The Svedberg”’ would be applicable to 
clays, the expense and complication of the apparatus required has greatly limited 
their adoption. 
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of Wyoming bentonite, the particle-size distribution curve of which 
appears in Fig. 6. The chemical analysis of this bentonite approximates 
the formula Al,:03.48i02.H2O and 75 per cent of the sample consists of 
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Fig. 7.—BENTONITE FRACTIONS OBTAINED BY CENTRIFUGAL FRACTIONATION. 
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particles with equivalent spherical diameters less than 50 my and a large 
fraction of the material below 50 my is relatively uniform in size. 


EFrsct oF ParticLte Sizp upon CoLLOIDALITY 


In an attempt to establish the effect of particle size upon the colloidal 
properties of clay suspensions and gels, a sample of Wyoming bentonite 
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was subjected to a series of centrifugal fractionations, with the result 
that six particle-size fractions were obtained. The details of the frac- 
tionation procedure which cannot be considered here have been fully 
reported elsewhere.® 

The centrifugally determined particle-size distribution curves corre- 
sponding to each of these individual fractions appears in Fig. 7. Fraction 
V is not shown because it is similar to VI. The distribution curves are 
plotted on semilog paper, which serves to indicate well the percentage 
variation in equivalent spherical diameter (e.s.d.) of the particles in each 
fraction, equal distances along the D axis indicating equal percentage 
variations in e.s.d. The usual distribution function ordinate f(D) has 
been multiplied by D so that any area bounded by two ordinates under a 
curve on this plot has exactly the same significance as in Figs. 5 and 6. 
Considering the difficulties of such a fractionation the relative absence of 
overlap is truly remarkable. 

All fractions analyzed the same chemically and approximated the 
formula Al,03.4Si02.H2.O and, as mentioned previously, all have the 
same equivalent weight of approximately 1000. 

For the purpose of later plots the results are also reported in the form 
of average equivalent spherical diameters of each fraction. Exactly half 
of the fraction by weight contains particles with equivalent spherical 
diameter less than the average as here defined. The average e.s.d. of 
each of the fractions of which the distribution curve appears in Fig. 7 is 
as follows: fraction I, 14.3my; II, 20.3; III, 28.1; IV, 33.8; V, 87.0. 

Fig. 8 shows the six fractions in the form of gels as they were removed 
from the centrifuge bowl, fraction I, the smallest, being at the left and 
fraction VI, the largest, at the right. Fig. 9 shows the fractions diluted 
down to suspensions that had remained undisturbed for nine months at 
the time of this picture. The order of increasing size can easily be seen 
from the sedimentation as being from left to right. Fraction I turned out 
to be of unusual clarity while fraction VI bears more resemblance to an 
ordinary opaque clay suspension. When stirred, these fractions, partic- 
ularly the fine ones, exhibit beautiful silky streaks, caused by the platy 
particles becoming oriented by the stream lines of flow in the liquid and 
reinforcing each other in the reflection and refraction of light. 

Outstanding among the colloidal properties of interest in these sys- 
tems is the rate at which a given sol will increase in viscosity and trans- 
form itself into a gel. The rate of sol-gel transformation is not only of 
practical moment in the control of muds, but when properly studied it 
may throw light upon the mechanism of gelatin and the structure of the 


resulting gels. 


When a clay sol sets to a gel the mechanical properties of the gel 
continue to undergo a change toward some limiting value that would be 
approached were the gel allowed to stand indefinitely. Thus, the tensile 
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strength of the gel, its yield point, and viscosity all increase with time as 
long as it is left undisturbed. As soon as the gel is disturbed, the struc- 
ture being built up within it is affected and the mechanical properties all 
undergo a change. The difficulties, both theoretically and practically 
inherent in the physical measurement of any of the mechanical properties 
of outstanding thixotropic systems like clay suspensions and gels, have 
been inferred in an earlier section of this paper and are widely appreciated. 
Many of these difficulties are avoided if one is willing to operate under 
arbitrarily chosen conditions. In the present instance, it was considered 
satisfactory to use as a measure of gelation rate the time required for a 
sol to set to a gel of conveniently selected, though unknown, strength. 


Fig. 8.—PARTICLE-SIZE FRACTION COMING FROM CENTRIFUGE BOWL AS GELS. INCREAS- 
ING SIZE FROM LEFT TO RIGHT. 
Fig. 9.—BENTONITE FRACTIONS IN SEDIMENTATION FOR NINE MONTHS. 


The technique of obtaining this measurement involved the introduction 
of a standard quantity of clay suspension of fixed concentration into a 
Pyrex tube of definite diameter. By trial there was determined the 
elapsed time necessary before the undisturbed tube could be inverted in 
a standard fashion with no flow of the contents taking place down the 
walls. This time has been called the setting time, and its use in measuring 
gelation has been discussed by Squires and Broughton.! 

Since the rate of sol-gel transformation is affected by the different 
ions present in the system, all fractions to be tested were purified of 
electrolytes by electrodialysis and a suitable amount of a standard 
electrolyte added. The results are given in Fig. 10, where setting time in 
minutes is plotted against average e.s.d. The time required to build up a 
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gel of given strength increases enormously with an increase in particle 
size. It was impossible under any of the conditions represented on this 
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plot to observe any evidences of gelation in fraction VI with average 
e.s.d. of 87 mu. The standard electrolyte used in these tests was KOH, 
and the setting time undergoes marked decrease with increase in KOH 
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concentration. Similarly, by increasing the concentration of clay it is 
possible to decrease the setting times in every instance. 

While no direct data are available with respect to the final strength of 
the gels reported in Fig. 10, the fact that under these conditions no 
evidence of structure could be detected in fraction VI makes it not 
improbable that, other factors being equal, the facts are that the smaller 
the particles in a gel of given concentration, the greater its ultimate 
strength. In this same connection it may be noted that the tendency 
of the extremely fine fraction I to gel is so great that gel structure may 
be readily identified at concentrations of bentonite between 0.05 and 
0.1 per cent by weight. The method of detecting structure at these low 
concentrations involves the observation of entrapped air bubbles. These 
will always rise in a true liquid, no matter how viscous, whereas in a gel, 
which possesses a yield point, bubbles smaller than a certain critical size 
will not have the buoyancy to overcome this yield point, and will 
remain stationary. 

The radical difference in behavior effected by particle size forces us 
to the conclusion that the smallest particles are primarily responsible for 
the gelation of clays. 

Were it practical to effect a particle-size fractionation of the clays 
composing drilling muds, one would have available a valuable method of 
control over the mechanical behavior of the muds. Having once obtained 
the proper particle-size fractions, there is no reason why these might 
not be blended to give a mud of any desired characteristic. 


EFFECT OF ELECTROLYTES ON GELATION 


Among the more important factors affecting gelation rate, the effect 
of electrolytes is impressive. An 0.85 per cent suspension of the finest 
particles of bentonite that have been freed of all exchangeable metallic 
cations by prolonged electrodialysis shows absolutely no observable trace 
of gel structure when allowed to remain undisturbed over a period of 
months, but upon addition of a small amount of concentrated KCl or 
KOH the same suspension will set almost immediately to a stiff gel. 
A few drops of concentrated mineral acid also suffices to produce a 
stiff gel. 

It must be emphasized that gelation is independent of pH alone, for 
it is possible to produce gels of similar characteristics at any point on the 
pH scale by addition to the suspension of proper quantities of acids, 
bases or salts. 

When hydrogen bentonite is treated with electrolytes, the setting 
time of the resulting gel does not become constant at once but gradually 
decreases to a final equilibrium value. During this same period the 
viscosity measured under any given conditions will also undergo an 
increase. Fig. 11 illustrates a case where the setting time became con- 
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stant after 28 days. All of the setting times reported in this paper were 
taken after 28 days except, of course, some of those in Fig. 11. 

While addition of a proper quantity of electrolyte to a hydrogen clay 
will effect gelation, addition of an excess amount will produce flocculation; 
that is, the particles will clump together in large masses and settle to the 
bottom of the container. Table 2 shows that the quantity of KOH 


SETTING TIME MINUTES 


DAYS AFTER PREPARATION OF SAMPLE 
yi. 11.—AGING PHENOMENA IN A BENTONITE GEL. 
Concentration of bentonite = 0.85 per cent. Millimols KOH per liter of 
gel = 42.5 — temp. = 25° C. 


required to effect flocculation increases impressively as the average 
equivalent spherical diameter of the particles decreases. 


TaBLE 2.—Relation between Flocculation and Average Equivalent Spherical 


Diameter 
(ea 
Fraction No. Average pauyslent Spherical Flocculation No.* 
1 14.3 22-26 
2 20.3 16-20 
3 28.1 9-10 
4 33.8 3-4 
6 87.0 1-2 


«The flocculation number of a given bentonite fraction is arbitrarily defined as 
the number of milliequivalents of KOH per gram of bentonite required to produce 
5 mm. of sedimentation in 24 hr. Tests were conducted with 0.05 per cent sols. 


In general gelation is favored by ions of increasing valence. Often 


when a gel of given strength is produced by addition of a certain quantity 
of an alkali cation, it is found that the same result may be obtained by 


_ addition of a muchsmaller quantity of some large organic cation like that of 


tetraethyl ammonium hydroxide. While it is well recognized that many 
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substances of high molecular weight and complex structure like tannin and 
sodium hexametaphosphate act to reduce viscosity and retard gelation 
rate, detailed work on such substances is largely unreported. No aspect 
of the subject offers more possibil- 
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2. Fig. 13 represents data taken in a horizontal capillary-type viscosi- 
meter and shows that hydrogen bentonite has an extrapolated yield point 
(intercept on pressure axis) independent of temperature and a mobility 
(slope of reciprocal time-pressure curve) roughly proportional to the fluidity 


of water. This behavior indicates no significant change in structure upon 
heating. 
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3. In contrast to 1 and 2, R. L. Dockendorff! has found that no 
noticeable effect occurs upon heating a suspension of natural bentonite 
containing sodium and potassium ions above the critical temperature of 
water, while heating a suspension of acid or hydrogen bentonite above the 
critical temperature of water effects complete flocculation. 

It has been suggested that if a bentonite gel were to be heated suffi- 
ciently high, its rate of gelation would eventually decrease. This effect 
has not been observed to date in the laboratory. In one notable case a 
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Fig. 13.—EFFECT OF TEMPERATURE ON FLOW PROPERTIES OF H-BENTONITE, FRACTION 
_ 6(2.08 PER CENT). 

gel that took 48 hr. to set at 20° C. set in 5 sec. at 140°C. Itisintended to 

investigate gelation rate at even higher temperatures, but there is some 

doubt as to the validity of comparing the results to those at lower tem- 

peratures, as deep-seated, irreversible changes may occur in the clay 

particle itself. 


GEL STRUCTURE AND THE MECHANISM OF GELATION 


All of the facts set forth in preceding sections must serve as guiding 
lights in the formulation of any successful theory of gel structure. At the 
present time it is possible to offer convincing explanations of many of the 
most important facts, even though no theory has been developed in 
enough detail to permit satisfying explanations of all known facts. 

It has been emphasized repeatedly that all investigators agree 

that gelation involves the production of a structure resistant to shear in 
which the ultimate particles are locked firmly into place. Disagreement 
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occurs only when attempts are made to offer explanations as to how the 
particles are locked into place. 

The earliest theory proposing to account for the gelation of clays was 
the so-called hydration or solvated-hull theory. The hydration theory 
assumes that the particles adsorb upon their surfaces thick layers of water 
in such a compressed and semifluid state that they may coalesce. When 
these water layers have grown to suitable thickness, coalescence may take 
place throughout the entire volume of the system, with the resulting 
immobilization of the particles that now find themselves locked into 
position in a gel. 

The most impressive experimental evidence against the solvated-hull 
theory lies in the effect of temperature on gelation. There is abundant 
evidence throughout colloid chemistry to indicate that the solvation of a 
particle generally decreases enormously with an increase in temperature 
and acceptance of the solvated-hull theory would lead one to predict an 
increasing tendency toward gelation at the lower temperature, whereas 
actually exactly the opposite effect is observed. 

Lewis, Squires and Thompson" have proposed an essentially mechani- 
cal picture of the gelation process in clays. This theory focuses atten- 
tion upon the platelike shape of the particles and assumes that as a result 
of innumerable almost exclusively edge-on collisions caused by Brownian 
movement the particles become wedged together in complete random 
orientation. The particles are conceived as being packed close enough so 
that movement of any one particle is prevented by mutual contact with its 
neighbors, this immobilization resulting in a gel structure. 

To account for the appearance of gel structure on the basis of particle 
interference at a concentration of clay equal to 0.1 per cent, the mechani- 
cal theory is forced to assume the existence of platelike particles with 
ratios of length and breadth to thickness of upwards of 1000 to 1. 
Although the layer lattice structure of clay indicates that these extremely 
platy particles could be stable and rigid, it must be remarked that there 
is no positive microscopic evidence that they have such extreme ratios of 
length to thickness as 1000 to 1. On the other hand, difficulties inherent 
in the present microscopic technique for accurate determination of size 
and shape of particles of colloidal size tends to weaken the weight of this 
evidence against the extreme dimensions postulated by the mechanical 
theory. 

In order to explain the known facts without the assumption of 
extreme ratios of length to thickness, a third theory, which will be referred 
to as the attraction-repulsion theory, assumes the existence of two sets 
of forces between particles—a repulsive force of electrostatic nature 
resulting from the mutually repellent effect of the ions that dissociate 
from the surface and surround the particle, and an attractive force of the 
Van der Waals type.?* These opposing sets of forces acting between 
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particles vary in different manners with the distances between particles, 
particle size and shape, the concentration and type of electrolyte present, 
etc., and it is possible for the variations to be such that at one critical dis- 
tance the attractive force will exactly balance the repulsive force. When 
two particles are separated by this critical distance there is no tendency 
for them to move, because when they approach closer than the critical 
distance the repulsive force increasing faster than the attractive force 
causes them to be repelled, while if they separate to a distance greater 
than the critical distance the attractive force increasing faster than the 
repulsive force causes a net attraction, which returns them to the critical 
distance of separation where all forces are balanced. Particles separated 
by this critical distance are thus effectively locked into place and a gel 
is formed. 

The chief difference between the mechanical theory and the attraction- 
repulsion theory lies in the average distances assumed to exist between 
the particles in the gel. Both theories conceive a gel structure composed 
of particles locked into fixed positions in completely random orientation, 
but in the mechanical theory the platy particles are assumed to have a 
ratio of length to thickness great enough so that their edges are in mechani- 
cal contact, whereas in the repulsion-attraction theory the particles are 
assumed to be held in place by relatively long-range forces of attraction. 

At present the mechanical theory offers eminently satisfactory 
explanations of the properties of concentrated clay gels like 40 percent 
kaolin, where extreme ratios of length to thickness do not have to be 
assumed to account for structure formation by particle interference. 
However, further experimentation will be necessary to establish which of 
these concepts is correct for gels occurring at the extremely dilute con- 
centrations of clay of 0.1 per cent or less. 

The preceding theories have assumed that the ultimate platelike 
particle composed of a stack of crystallites is the structural unit in the gel. 
In contrast to this it is possible that the platy particles may undergo an 
oriented coagulation lapping over each other face to face, with the result- 
ant formation of large platy aggregates, which act as structural units in 
the gel in the same manner as individual particles. Indeed, there is some 
evidence that a gel is composed of both primary particles and secondary 
platy aggregates. 

In Fig. 14 are reported the results of several runs on 4.5 per cent 
bentonite suspension in the MacMichael viscosimeter.’ Since the whole 
plot is at 105 r.p.m., the deflection in degrees MacMichael may be taken 
as proportional to the viscosity measured at substantially constant rate 
of shear. Considering, for the moment, only that portion of the plot 
below a time of rotation of 70 min., three significant types of curves are 
obtained, depending upon the time after vigorous agitation that the 
suspension was allowed to set in the viscosimeter cup before rotation was 
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begun. With zero initial set, the viscosity increases continually from a 
low to some asymptotic value, while with an initial set of 17 hr. the 
viscosity decreases continually from a high to some asymptotic value, 
which may well coincide with that reached in connection with zero initial 
set. Between these two limiting cases occur two runs of 15 min. and 1 hr. 
initial sets, respectively, in which the viscosity decreases from a relatively 
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high initial value, goes through a minimum and begins to increase to 
asymptotic values, which again may well coincide with those in the limit- 
ing cases. The asymptotic values of deflection are those existing at the 
time when the gel structure has reached a state of dynamic equilibrium, 
the rate of breakdown due to rotation of the viscosimeter just balancing 
the rate of build-up produced by Brownian motion forcing particles into 
their positions of mutual interference. 
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If it be assumed that the formation of a gel structure results from two 
different mechanisms working simultaneously, perhaps at rates varying 
with the time of rotation, the behavior in Fig. 14 becomes understand- 
able.!2. Inthe case of zero initial set there was no structure built up at the 
start of rotation, the deflection being due entirely to the viscosity of the 
suspending liquid and the viscous drag of the suspended particles through 
the liquid. As time goes on a structure is built up by operation of both 
mechanisms, until finally at equilibrium the rate of breakdown becomes 
equal to the rate of build-up. In the 17-hr. initial set a structure of sub- 
stantial strength has already been formed by the joint operation of both 
mechanisms, only to be broken down to an equilibrium value by rotation 
of the viscosimeter. In the intermediate set periods, the first mechanism 
contributing to structure has built up much of its portion of the structure 
and is now working slowly while the strength of the structure is being 
increased at a more rapid rate by the second mechanism. When rotation 
starts that portion of the structure produced by the second mechanism 
not having had time to reach sufficient strength is the first to be broken 
down, depressing the deflection to a low value, which recovers, however, 
because of the ever-continuing activity of the first mechanism. 

While the nature of the two mechanisms is still in doubt, a most 
appealing suggestion is that the first mechanism consists of an oriented 
face to face coagulation of the individual clay particles resulting in 
secondary platy aggregates of increased ratios of length and breadth to 
thickness, and therefore of increased capacity for mechanical interference 
with each other.!° The second mechanism consists of the wedging into 
place of both secondary aggregates and remaining unaggregated primary 
particles into the gel structure. Obviously, the more platy the particles, 
the more readily will the second mechanism occur; hence its effect in 
producing a structure undergoes increasing acceleration as the first 
mechanism continues to produce the desirable secondary aggregated 
particles of increased ratios of length and breadth to thickness. At the 
same time, it is easier to break up a secondary structure of aggregates 
than to break up the aggregates themselves or prevent their continuing 
formation, thus accounting for the minima in the curves of intermediate 
initial set. 

Recent ultramicroscopic observations’ where under some circum- 
stances two distinct types of structure were noticed are additional evi- 
dence in favor of the two-mechanism formation of gel structure. 

Both the mechanical and repulsion-attraction theories predict that 
decreasing particle size will increase the rate of gelation because of the 
enormous increase in Brownian movement caused by a decrease in particle 
size. In the mechanical theory increased Brownian movement causes an 
increase in rate at which the particles become wedged into place in the 
gel, whereas in the repulsion-attraction theory the particles have a greater 
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chance to vibrate into the critical relative positions from which they have 
no tendency to depart because repulsive and attractive forces are 
in balance. 

Since rise in temperature increases Brownian motion, its effect upon 
increasing the rate of gelation is likewise predicted by both theories. 

The explanation for the behavior of electrolytes, in brief, is that by 
modifying the extent of the dissociation of ions from the surface of the 
individual clay particles a profound change is effected in the magnitude 
and variation of the repulsive forces between particles. Also, owing to 
the change in thickness of the ionic atmospheres, a profound modification 
in interparticle friction is to be anticipated with a resultant change in the 
rate of gelation, ultimate gel strength, and viscosity. 


ImMPpoRTANT UNSOLVED PROBLEMS OF CLAY BEHAVIOR 


Measurement of Mechanical Properties of Clay Suspensions and Gels.— 
The viscosity, mobility and yield point of a clay suspension are all com- 
plex functions of the rate of shear, the time of shear, and the past history 
of the suspension. Typical of the complications entering into any 
measurement of the flow properties of a clay suspension are those illus- 
trated in Fig. 14, where, as has already been seen, the deflection (which 
is proportional to the viscosity at constant rate of shear) varies widely 
with the time of initial set before shear and with the time of shear. The 
effect of shearing history is further demonstrated by the intermediate 
periods of set during which the viscosity increases, to an amount depend- 
ing upon the time of set. 

Not only will viscosity, mobility, and yield point increase in an 
undisturbed suspension (thixotropy) but it is even possible to accelerate 
their increase by application of the proper type of mechanical agitation.® 
For example, a small tube of potassium bentonite allowed to stand undis- 
turbed for an hour had set to a gel just strong enough to support its own 
weight upon inversion, no flow taking place down the walls of the tube. 
The same tube vigorously agitated until the suspension within it became 
a freely flowing sol was subjected to a gentle tapping motion, whereupon 
it set to a gel of the same strength in 50 sec., a seventy-five fold increase 
in gelation rate. This increase in gelation rate induced by mechanical 
action is called rheopexy.°® 

In the face of such complications it is not surprising that almost no 
progress has been made toward the quantitative characterization of flow 
properties of clay suspensions. Clearly, when it is constantly necessary 
to study the effect of different variables upon the sol-gel transformation 
where the only detectible differences are mechanical differences, it is 
important to develop methods of measurement which will distinguish 
between sol and gel in a precise, quantitative manner. Considerable 
research must continue upon methods of measurement in the future. 
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Electrochemical Behavior of Clay Suspension.—Recent work® has 
shown that the hydrogen-ion activity of suspensions of hydrogen clay 
measured by a glass electrode is independent of the particle size and is so 
great that on this basis alone hydrogen clay could be classed as an acid 
of far greater strength than would correspond to the ordinary chemical 
properties of the silicon and aluminum of which it is composed. On the 
other hand, the hydrogen-ion activity of a suspension of hydrogen clay 
calculated from its electrical conductance is, depending upon the particle 
size, only one fifth to one half as great as the electrometrically measured 
activity. Although the complete interpretation of this significant dis- 
crepancy, which increases as the particle size decreases, is as yet obscure, 
it should be remembered that while electrometric measurements are 
essentially equilibrium measurements involving no displacement of ions 
from the clay particles, conductometric measurements are essentially 
non-equilibrium measurements and involve a displacement of the ions 
from the particles. The lower value of hydrogen-ion activity obtained 
from conductance measurements may be additional evidence of the 
intensity with which the ions in the ionic atmosphere are bound to the 
clay particle. Additional research into the electrochemical behavior of 
clay cannot help but lead to a more complete knowledge of its structure. 

Effects of Addition Agents——With the exception of the simplest elec- 
trolytes whose behavior in the ionic atmosphere surrounding the clay 
particles is to some extent understood, knowledge of the effects of addi- 
tion agents is entirely empirical. Such a lack of knowledge is under- 
standable in view of the fact that to date it has been necessary to center 
all efforts upon acquiring a working picture of the structure of the clay 
particle and of clay sols and gels in order to have available a sound basis 
on which to interpret the effects of addition agents. In view of the 
profound effects which addition agents may exert upon the mechanical 
properties of suspensions and gels, it is certain that they will occur promi- 
nently in future research. 


CONCLUSION 


It is now recognized that the ultimate particles of clay consist of 
platelike crystallites stacked upon each other like a pack of cards. The 
high swelling, high viscosity, and pronounced gelation tendencies of 
bentonite as contrasted with kaolinite are explained by the water mole- 
cules forcing their way between the crystallites and prying these apart 
with resultant formation of platy particles having unusual capacity to 
interfere with each other and with the flow of the liquid in which they 
are suspended. ‘This interference of the particles may develop to such an 
extent that each particle is no longer free of its neighbors but requires a 
finite force to dislodge it from a position in the gel structure into which 
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it has become locked. The data definitely indicate that those clay 
fractions consisting of the finest particles show the highest rate of gelation. 
Metallic clays are known to undergo an irreversible increase in viscosity 
and rate of gelation upon heating to moderate temperature levels as con- 
trasted to hydrogen clays which show no significant changes in structure 
under the same circumstances. 

The key to interpretation of these facts lies finally in recognition of 
the mechanism by means of which the ultimate platy particles become 
firmly locked into place in a structure. It is possible to account for the 
facts on the basis of mechanical interference of platy particles if the 
existence of very large ratios of length and breadth to thickness of the ulti- 
mate plates be assumed. Along with the mechanical interference theory 
it is necessary to recognize that the facts may be explained by the repul- 
sion-attraction theory which instead of demanding the assumption of 
excessive ratios of length to thickness demands assumption of the 
existence of far-reaching forces of attraction and repulsion to bind the 
particles into equilibrium positions from which they have no tendency 
todepart. In the final analysis, the two theories differ only in the average 
distance they assume between particles in the gel and both are fruitful 
working theories at present. Final decision between the two theories, 
or perhaps their combination, will come only when we have more direct 
evidence of the dimensions of individual particles as well as the forces 
acting between these particles. 
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Intensive Weighting of Petroleum Drilling Muds with Galena 


By Henry Emmett Gross,* Memper A.I.M.E. 


(Oklahoma City Meeting, October, 1937) 


RECENTLY, areas of abnormal rock pressure have been drilled on the 
Gulf Coast of the United States. These pressures may be caused by the 
recent and pronounced raising of some of the structures without loss of 
the formation pressure that existed when the reservoir was developing and 
the producing sand much more deeply buried. It is possible also that a 
permeable fissure may connect a shallow accumulation of gas with the 
gas cap of a much deeper reservoir of oil, gas and water. The pressures 
are so great that dependence on blowout-prevention equipment alone is 
hazardous to life and property. Fortunately, wells with excessive casing- 
head pressures, such as the Stanolind Oates No. 1 of the South Houston 
field, an 8700-ft. gas well with 6000 Ib. per sq. in., and the near-by 
Stanolind Candelari No. 1, and 8100-ft. gas well with 5000 Ib. per sq. in., 
have not blown out and cratered. A case is on record of drill pipe in a 
well in Harris County, Texas, (Oates No. 1) rotating for 8 hr. through 
blowout-prevention rams holding a back pressure of 2900 lb. per sq. in. 
at the casinghead after the mud was altered by salt-water intrusion. 
Such conditions warrant the use of extremely heavy muds having low 
viscosity, made from galena (PbS) or specially prepared mixtures of 
hematite (Fe.Os) and galena suspended by bentonite. 

In some Gulf Coast wells, sodium silicate mixed with concentrated 
brine is used to drill through heaving shale formations. Such a fluid 
inhibits heaving remarkably, but it is expensive and costs as much as 
$10 per barrel. Barite has been used to weight this mixture. However, 
this mineral too rapidly increased an already excessive viscosity and it 
was thought that galena might be better for weighting such drilling fluid. 
The operator was anxious to try the latter, but none was available in 
the district. 


Laporatory Stupy or Heavy Mups 


To foster the use of the plentiful and extremely heavy mineral, galena, 
research has been done recently at the University of Oklahoma to deter- 
mine the mud-making properties of this substance. For comparative 
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purposes the characteristics of the muds of galena, hematite, barite, and 
50-50 blends by weight of galena-hematite, and galena-barite were studied. 

All of these muds were composed of minus 325-mesh Tyler material 
suspended by bentonite according to the following pattern. Consider the 
weight material, whether a single mineral or a 50-50 blend of two as 
“substance A.”’ A slurry of bentonite (4 per cent by weight) in Norman 
tap water is designated as “‘substance B.”’ Theoretically substance A 
and substance B were mixed in various proportions from 10 to 65 per cent 
or more weight material. Actually specified amounts of the dry powders, 
both weight material and bentonite, were dry-mixed thoroughly, and 
gradually added by spatula to a predetermined amount of tap water. 
The water was stirred continuously in a malt mixer while the powders 
were added, then the mud was mixed for 20 minutes. 


THIXOTROPIC CHARACTERISTICS 


Although unorthodox, the method of mixing described above was used 
because after the viscosities at various rates of shear were obtained and 
the specific gravity taken for a given mud mixture, bentonite equivalent 
to 1 per cent by weight of the mud was added, and the mud characteristics 
again determined. These 1 per cent increments were continued until the 
mud became too stiff for Stormer readings. In this way no bentonite 
was added to the water before the weight material, and all combinations 
of weight material and bentonite were studied thereby for thixotropic 
characteristics. The results for a galena-hematite 50-50 blend by weight 
studied in this manner are presented graphically in Fig. 1. It is true that 
the properties shown on this graph are different from those of muds mixed 
in the orthodox manner, but to have developed this graph from the 
characteristics of muds that were prepared by having all bentonite 
thoroughly mixed into a slurry before adding weight material would have 
required the preparation of a myriad of muds, entailing endless time. It 
is more logical to make the graph as has been done, then make corrections 
by running determinations on properly built muds. Fig. 1 shows that to 
increase the viscosity at a given rate of shear there must be added either 
more weight material or more bentonite, or both. Also, a given mud 
tends to stiffen or become more viscous as its motion is retarded. The 
proximity of the 10-centipoise, 300-r.p.m. curve to the 5-centipoise 
600-r.p.m. curve at high concentrations of bentonite indicates that the 
thixotropic characteristic is due primarily to this mineral. Muds that 
contain sufficient bentonite to have a viscosity of 15 centipoises or more, 
without excessive weight material, tend to age into stiffer muds after 
setting one or more hours. 

Plans were made to present, for comparative purposes, a similar curve 
for galena-barite 50-50 blends, but it was learned too late that the sample 
of barite used had 3 per cent bentonite ground into it at the mill. The 
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The viscosity at the greatest diameter of a barb falls on a 600 r.p.m. curve. The 
first telescopic joint toward the origin of the graph on that barb represents the same 
viscosity on the 500-r.p.m. curve. The end of the barb nearest the origin represents 
the 300-r.p.m. curve. The first telescopic joint radiating away from the connection 
of a barb to the 600-r.p.m. curve represents the 700-r.p.m. curve. In this manner the 
10-centipoise, 300-r.p.m. curve, or any others, may be visualized. See dotted line. 
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results of research on such mud would give an unfair and unfavorable 
impression. A sample of pure barite was obtained, but not in time for the 
necessary thixotropic determinations. 


WEIGHTING CHARACTERISTICS OF HEAVY MINERALS 


A comparative idea of galena-hematite and galena-barite blends is 
given in Table 1. A galena-hematite mud weighing 20 lb. per gallon 
(sp. gr.2.4) has a viscosity of 28 centipoises at 600 r.p.m. Stormer with 
fin. Tannic acid will not reduce the viscosity of this mixture. If an 
identical amount of barite is substituted for the hematite in this mud, the 
viscosity is 75 centipoises, but tannic acid then will reduce the viscosity 
greatly, and 0.1 per cent by weight of tannic acid added to the mud will 
reduce the viscosity to 40 centipoises, other characteristics being the same 
as for the galena-hematite mud. 


TaBLE 1.—Comparison of Blends 


| Viscosity,¢ Centipoise 
PRVES'| Hemacite, | QBS | Water, wa. | Spon. | Fgunds ner |—— , 
Ewes Tans J] o.Cetta) Seats aaa le Sean ll eee ger 
lend lend 
5.0 5.0 3.6 86.4 cleat 9.3 2.4 1 hes 
10.0 10.0 3.2 76.8 1.22 10.1 3.4 eg, 
15.0] 15.0 2.8 67.2 135 11.3 6.0 2.1 
20.0 | 20.0 2.4 57.6 1.52 12.7 10.0 3.3 
25.0 | 25.0 2.0 48.0 LAC 14.3 11.0 6.6 
30.0 | 30.0 1.6 38.4 2.00 16.7 20.0 8.9 
35.0 | 35.0 1.2 28.8 2.37 19.8 68.0 28.0 
37.5 37.5% 1.0 24.0 2.62 21.9 No go 52.0 
40.0 | 40.0 0.8 19.2 2.91 24.3 No go No go 


“ Note that the barite and the hematite samples used each had a specific gravity of 
4.35, which was a fortunate accident and permits a better comparison of products. 
Therefore of the intensive mud weight dry blends discussed each has a theoretical 
specific gravity of 5.4. 

+ Too stiff or viscous when using barite and almost too stiff with hematite. 

¢ Viscosity in centipoises as determined by Stormer with fin at 600 r.p.m. spindle 
velocity. Muds of composition shown in first four columns. No tannic acid viscosity 
reducer used. Hot June and July Oklahoma weather, 90° to 104° F. 


Fig. 2 gives an idea of the large quantities of weight material necessary 
to keep a mud in the desirable viscosity range of 15 to 25 centipoises for 
good pumpable muds. Throughout this viscosity range a higher percent- 
age of galena-hematite 50-50 blend weight material can be added than for 
the other muds, and up to 25 centipoises this blend will produce the 
heaviest mud for any given viscosity. This is shown in Fig. 3, on which 
the specific gravity, or pounds per gallon, is plotted on the abscissa and 
viscosity on the ordinate. Above 19 lb. per gal., pure galena mud 
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affords the best viscosity characteristics, and although beyond the best 
viscosity range, this mud does not become too thick to pump until it 
passes a specific gravity of 3. 
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Fiq. 2.—AMOUNTS NECESSARY TO KEEP MUD IN DESIRABLE VISCOSITY RANGE. 


WALL-BUILDING CHARACTERISTICS : 


- Filter-press determinations were made on the muds of various weight 
materials and their blends, with the results illustrated in Fig. 4. The 
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muds containing hematite and the barite-galena blend do not have attrac- 
tive seme ee characteristics, and indicate that thick and undesirable 
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Fig. 3.—AMOUNT OF GALENA IN DESIRABLE MUD. 


mud sheaths inducive to stuck drill pipe might be built. 


Pure galena and 


barite muds have thin filter cakes, which indicate better mud-sheath 
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qualities. Table 2 supplements Fig. 4. Galena might be expected to 
have good wall-building characteristics, since addition of this substance 
to bentonite slurry causes a preferential removal of bentonite from the 


x "s 15.8 Ib.per gal. 
ew) 
Sou|20 Ib.per gal.| _ 20 lb. per gal. 
“8 S[20 Ib. per gal. 


Barite mud Barite-galena Galena-mud Galena-Hematite Hematite 
50-50 blend 50-50 blend mud 


Fig. 4.—FILTER CAKES BUILT FROM HEAVY MUDS. 


slurry by this weight material. This shows the affinity of bentonite for 
the galena mineral surface. 


TaBLE 2.—Wall-bwilding Characteristics 


. Viscosity,? ick- i Pressure on Gand 

fbr s fi : Ch terist: f 
Composition, Per Cent Cais Soe ale rape tad BSG) 
Galena, 35.5.......| 2.40 3 Very stiff putty 
Barite, 35.5.......: 
Bentonite, 1.15.... 
Water, 27.85....... 
Galena, 35.0....... Hard briquette 


Hematite, 35.0..... 
Bentonite, 1.2..... 
Water, 28.8........ 


Galena, 67.0....... 714 500 to 1000) Soft putty 
Bentonite, 1.3..... 
Water, 21.7........ 
Barite, 60.4%...... Hard briquette 
Bentonite, 2.16.... 
Water, 37.4........ 
Hematite, 59.7°.... Hard briquette 
Bentonite, 2.2..... 
Water, 38.1........ 


2 Samples run at the Tulsa laboratory of Baroid Sales Division of National Lead Co. 
’ Stormer with fin at 600 ._p.m. rHot summer weather, 85° Re 


PH VaLuEs oF GALENA Mups 


In determinations made on muds containing galena, the pH was found 
to be from 5.2 to 5.5, compared to tap water of 7.6 pH. This may be 
attributed to oxidation of the surface of the mineral particles during the 
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extremely fine grinding to minus 325-mesh Tyler. The corrosive action 
of galena mud on a bright tin can was not excessive after three weeks. 
Although the powdered. galena forms acidic mud, it should be possible to 
buffer this mineral to a favorable alkalinity or inhibit the acid so that it 
would not be harmful to casing, and there should be no further decom- 
position in an oil-well borehole. As found in nature, the mineral galena 
surely has been exposed to the oxidation and acid conditions of ground 
water and has resisted them through long periods of geologic time, even 
at the very grass roots. With such inherent stability of this mineral, it 
should be easy to correct the acid condition of the powder permanently. 
Di-sodium phosphate is one chemical that is used in industry as an 
alkaline buffer and also as a viscosity reducer for muds. 


AVAILABILITY AND Cost oF MINERALS 


Galena is the most abundant and cheapest of the intensive weight 
minerals having a specific gravity of more than 7. The St. Joseph Lead 
Co. (sole producer of the Southeast Missouri lead belt) estimated that 
production from its mines in 1937 would be 140,000 tons of pure pig lead, 
and its maximum capacity is 175,000 tons per year. Sixty per cent of the 
lead is obtained from high-grade table concentrates of minus 14 plus 
200-mesh Tyler. The material is 80 per cent Pb with a trace of pyrite 
and limestone gangue. Considering the difference between present mine 
capacity, and at the current rate of production, as much as 40,000 tons of 
galena could be available from the lead belt alone for years to come. 
This big and progressive producer could grind and prepare to specifica- 
tions large quantities of this material. 

Eagle Picher’s smelter at Galena, Kansas, is receiving from Washing- 
ton State 600 tons per month of 80 per cent minus 325-mesh Tyler, 80.7 
per cent Pb, galena flotation concentrate. The St. Louis Smelting and 
Refining Co., a sister company of Baroid Sales, is producing 300 tons per 
month of 84 per cent Pb, galena gravity concentrate at its Baxter Springs 
plant, Kansas, from which the sample used for the research in this paper 
was obtained. From such production, the petroleum industry should be 
able to obtain a plentiful supply of galena for wells needing an intensive 
mud weight. At $85 per ton f.o.b. the lead belt, galena alone is too 
expensive, but a 50-50 blend with $12 per ton iron ore (hematite) would 
bring the cost within the range of usefulness. With hematite and barite 
selling for $40.15 per ton in Oklahoma City, it is evident that galena 
could not be considered as a competitive mineral, but rather as a special 
intensive mud weight filling a limited requirement. If a half dozen deep 
wells (7000 to 10,000 ft.) should each require 1000 tons of such intensive 
mud weight blend per year, the use of galena muds as described would 
benefit both the oil-well drilling industry and the Middle Western lead- 
mining industry. 
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CONCLUSION 


There are special conditions in excessively high-pressure wells that 
warrant the use of heavier and thinner muds to relieve pressures on blow- 
out-prevention equipment. Most instances that would justify these 
intensively weighted drilling fluids have narrow mud-weight tolerances 
above which the mud is dissipated into lower pressure formations and 
below which it is gas-cut or upset by salt-water intrusion. However, 
there are several cases on record of 17 lb. or more per gallon mud being 
used to control deep wells. Viscosity reduction for such a fluid is an 
important item and could be accomplished by the use of galena. Pure 
galena muds have good wall-building characteristics, and this soft, friable 
mineral is not abrasive to pump parts. The acid nature of galena muds 
can be corrected by buffering. Galena is an abundant heavy mineral but 
its high cost will prevent indiscriminate use, although there are conditions 
in which it can give a specially needed service. 
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DISCUSSION 
(L. L. Foley presiding) 


R. C. Marr,* Tulsa, Okla. (written discussion).—As supplementary data to Mr. 
Gross’ paper I would like to cite the following results of preliminary tests conducted in 
one of our laboratories on muds weighted with galena, barite and hematite. 

Inasmuch as it is customary on the Gulf Coast to start with a native mud weighing 
in the neighborhood of 914 lb. per gal. and add weighting material to this to produce 
the heavy muds, our tests were made with a native mud from the Hastings field near 
Houston, according to the following procedure: 

Preparation of Weighted M uds.—Caleulated quantities of Hastings mud and weight- 
ing material were put into a Hamilton-Beach mixer and agitated at high speed for 
5 min. The viscosity of the mud was then measured with a Stormer viscosimeter 
operated at 600 r.p.m. and the mud density checked with a Braun Mudwate hydrom- 


* Service Engineer, Baroid Sales Dept., National Lead Co. 
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eter. Some samples of the mud were further treated with 1 c.c. of Stabilite No. 4 to 
500 c.c. of mud. 

Carver Press Test.—To determine the wall-building characteristics of each mud, 
a suitable quantity of that mud was prepared in the cell of the Carver press and sub- 
jected to a pressure of 1000 lb. per sq. in., causing filtration through a filter pad of 
14 in. thickness. A time record was kept of the volume of filtrate. At the end of 
30 min., the thickness of the cake deposited on the filter pad was measured. 


TaBLe 3.—Tests at Baroid Sales Department Laboratory 


Weighting Material 


Name Sp. Gr. ane ih , In rs 
None.... 570 0 0.06 17 
570 1.0 0.06 16 
Barite....} 4.35 197 523 0 0.09 20 
Barite....} 4.35 361 479 0 0.19 22 
Barite....| 4.35 524 436 0 0.31 26.5 
Barite....| 4.35 854 346 0 0.88 30 
Barite....} 4.35 854 346 1.0 0.88 24 
Hematite| 4.55 194 526 0 0.44 fs} 
Hematite.| 4.55 385 485 0 1.38 142.5 
Hematite.| 4.55 520 440 0 3.062 185¢ 
Hematite.} 4.55 680 400 0 4.0¢ 2202 
Hematite.| 4.55 680 400 1.0 3.9° 2122 
Galena...| 7.31 462 498 0 0.19 22 
Galena...) 7.31 462 498 TZ0 0.16 19 
Galena...| 7.31 746 454 0 0.38 33 
Galena...| 7.31 746 454 1.0 0.25 23.5 
Barite....| 5.45 492 467 0 0.19 21 
Galena...| 5.45 492 467 1.0 0.19 18 
Galena...| 5.45 797 403 0 0.56 31 
Galena...| 5.45 797 403 120 0.45 24.5 
Hematite.| 5.61 490 470 0 1525 114 
Galena...| 5.61 490 470 1.0 1.10 105 
Galena...| 5.61 790 410 0 3.70 181 
Galena...) 5.61 790 410 1.0 3.60 175 


* These values represent filter runs in which the fluid was exhausted from the cell 
in less than 30 min. In the preparation of charts these values were increased enough 
to give smooth curves. 


Data and Results—Table 3 shows the results of the preliminary tests mentioned: 
I should like to point out the reason for the seeming discrepancies in the relative 
viscosities of some of the muds as shown by these data and those in Mr. Gross’ paper. 
Mr. Gross dry-mixed his suspending agent and weighting materials before adding them 
to water, while in our work where native mud was used the suspending agent was in 
the water long before the weighting materials were added, so that the colloidal particles 
were completely hydrated. When the bentonite and hematite are dry-mixed, soluble 
salts present in the hematite prevent the proper hydration of the colloidal particles, 
therefore the viscosity of the resulting mud is much lower than it would normally be. 
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As these tests were only preliminary, much further study and research should be 
undertaken before an attempt is made to use such materials in the field. 

The foregoing data do indicate that the galena muds have a low viscosity, respond 
well to chemical treatment, and, still more important, have superior wall-building 
characteristics. However, I believe the low pH, high conductivity, and rapid settling 
of the galena muds may offer a considerable obstacle to their use. 


G. B. Cortxss,* Houston, Texas.—What about penetration of filter cakes? 


R. C. Marr.—It has been shown that mud solids do not penetrate the formation. 
The amount of filtrate entering the formation is proportional to the thickness of the 
filter cake. 


P. Weaver,{ Houston, Texas (written discussion).—The use of hematite was 
attempted in the Far East and in Mexico some years ago. In Mexico, in the Con- 
cepcion field, hematite was introduced into the well with the drilling mud when the 
well was already trying to blow out and was producing gas and oil with the returns. 
It was found that a single cycling of mud containing hematite caused the formation of 
an extremely viscous emulsion with this oil and gas, and it was impossible to remove 
the oil and gas or to lower the viscosity so that the fluid could be pumped back into 
the well. 

In the Khaur field, in the Punjab, India, a 28-lb. per gal. mud was used with the 
hematite as the weighting medium. This field showed the highest pressure ever 
recorded for the depth and no report was made that any trouble was found in the 
formation of emulsion, but the formations being drilled contained very little oil and 
the pressure was mostly hydrostatic. 

One question that I should like to have investigated, therefore, would be the effect 
of galena on the increase of viscosity of the drill mud when oil is present, especially 
with some gas, because if the result should be similar to that in Mexico it would be a 
very serious difficulty. Hematite used in this Mexican problem was ordinary com- 
mercial red oxide and it is possible that the degree of fineness was greater than in 
the galena and that the formation of emulsion could have been prevented by using 
coarser particles. The results were so bad that future operations in the same field 
were conducted by using blowout preventer and maintaining back pressure instead 
of by weighting the drill mud with hematite. 


H. E. Gross.—While on the subject of India, I might add that since writing my 
paper I have found a scant reference to some research done by Dr. J. T. Evans on 
intensive weighting of petroleum drilling muds with galena and sphalerite.! The 
Asiatic Petroleum Corporation of New York City of the Royal Dutch Shell group 
expressed interest in galena for use abroad. 


* Superintendent, Gulf Coast Division, Humble Oil and Refining Co. 

+ Geologist, Gulf Oil Corporation. 

1 Discussion of J. T. Evans: Preparation and Control of Mud Fluid for Pressure 
Drilling Conditions. Jnl. Inst. Petr. Tech. (1937) 23. 


Chapter IV. Petroleum Economics 


An Equilibrium Theory of Proration 


By JosmpH E. Pogur,* Member A.I.M.E, 
(New York Meeting, February, 1938) 


Any mechanism, either natural or artificial, for regulating the func- 
tioning of a given unit in the general economy must operate toward the 
maintenance of equilibrium if it is to survive. The petroleum industry, 
concerned as it is with the production of a natural resource of specialized 
character, is surrounded not only by the economic factors common to 
other industries but by an extra set of unique elements centering about 
the fugitive character of crude petroleum under conditions of competitive 
development. The term equilibrium, therefore, so far as the oil business 
is concerned, involves a combination of economic and physical factors: 
the first set having to do with supply, demand, costs, profit margins, 
purchasing power, and the like; and the second, with underground pres- 
sures in oil pools, efficient rates of extraction, and all other aspects of 
engineering that may be summarized by the familiar term “conserva- 
tion.”’ The two categories, in fact, are not as clearly divided as the 
foregoing statement would imply, for in practice it will be found that 
the economic and physical aspects have a pervasive interaction 
and interrelationship. 

If the development of the petroleum industry in the United States 
is examined from its inception in 1859 down to the present, it will be 
found that, beginning about 11 years ago, a new mechanism for regulating 
the production of crude petroleum made its appearance. Prior to this 
recent period, the production of this raw material was determined by 
competitive forces operating without outside restraints. At present the 
output of crude oil is subjected to supervision by regulatory bodies in 
most of the oil-producing states, which impose upon the operators certain 
conditions having to do with the manner and rates of production. Thus, 
in the space of a decade, the mechanism for producing crude oil has 
changed from an automatic to a designed procedure called proration. 
And in its short history this method has been marked by a rapid evolution 
in its nature and incidence, with progressive changes still under way. 


Manuscript received at the office of the Institute Dec. 18, 1937. 
* Vice President, The Chase National Bank of the City of New York. 
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DEVELOPMENT OF PRORATION 


Proration developed in response to a serious dislocation between 
supply and demand. Up to the middle of the last decade, competitive 
forces operating without restriction were able to maintain an approxi- 
mate balance between the demand for crude oil and the aggregate open- 
flow production of our oil wells. And while the departures from this 
form of equilibrium were frequent and sharp, subject to the vagaries of 
oil-field discovery and fluctuations in the business cycle, balance was 
always regained after an interval and the system worked, although at 
the expense of considerable waste. With the perfection of an extra- 
ordinary range of new technology and the maturing of the rate of growth 
in the demand factor, however, the aggregate open-flow capacity of our 
oil wells expanded beyond the requirements of the market in a manner 
and to a degree that appeared to be a permanent new relationship. At 
this juncture a new economic factor became essential to reestablish 
equilibrium under the new circumstances; and the instrumentality 
obviously had to be of a kind that would permit the current supply of 
crude petroleum to be less than the open-flow of the totality of oil wells. 
Thus the Rule of Capture, which had heretofore dictated capacity 
production—except in a few instances, when unit operation was feasible— 
had become untenable and a modifying influence made its appearance. 
Proration, therefore, had its inception as an economic corrective to the 
Rule of Capture and its acceptance was motivated by the need for a 
new stabilizing influence. Hence proration came on the scene in response 
to an economic motive. 

Accordingly, it may be said that proration got under way as a stabiliza- 
tion influence in answer to a need for a mechanism less drastic and quicker 
acting than price. In the presence of divided pool ownership, the unfet- 
tered operation of the Rule of Capture, and the impetus of modern 
technology, price alone had ceased to be a satisfactory control for the 
maintenance of equilibrium in oil production. For the failure of: the 
price mechanism to function as an effective regulator of supply, two 
reasons may be adduced: (1) the inability of slow-moving law to offer a 
substitute for the concept of property peculiar to fugitive minerals— 
namely, that these substances must be reduced to possession to provide 
evidence of ownership; and (2) the wide range in costs as between different 
categories of production, current and ultimate, flush and settled, deep 
and shallow. The Rule of Capture induces hasty drilling, with its 
concomitants of inferior utilization of reservoir pressure and the employ- 
ment of capital in unnecessary wells, the aggregate effects of which are 
to unsettle underground equilibria and supply-demand balances. Cost 
amplitude tends to force premature abandonment of high-cost elements 
of supply under competition with other areas rendered low-cost in the 
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short-term sense by the Rule of Capture, which operates to reduce 
such costs through the destruction of future values. These two fac- 
tors, combined, rendered the price mechanism vulnerable in the face 
of overdiscovery. 

Once initiated as a working procedure in loci of overproduction, prora- 
tion generated the urge and created the “‘need”’ for its wider and more 
permanent establishment. In the first place, its stabilization effects 
were agreeable and won adherents to the plan, while, by the same token, 
they encouraged further wildcatting, discovery, and drilling, thus 
creating additional areas requiring curtailment in the interest of equilib- 
rium. Thus, once under way, proration spread further afield and came 
under the purview of operators and officials in successive states. To the 
operator, it made appeal as a stabilization measure and soon the industry 
reached a position of dependency upon the new instrumentality. To the 
state official, it claimed interest as a conservation measure, for it created 
a more orderly production and obviously tended to conserve the gas; 
and hence the regulatory commission of state after state came to be 
empowered by law to administer the procedure. Thus, equilibrium— 
both physical and economic—became a general objective, with a slow 
but persistent increase in the degree of recognition accorded the 
physical principles. : 

After proration reached a condition of wide application and a broad 
body of experience developed, it became apparent to all concerned that 
the ultimate recovery of oil and the flowing life of oil fields were increased 
by virtue of operating wells at reduced capacity; hence proration became 
firmly entrenched as a conservation measure of importance. It is the 
conservation aspect of proration, indeed, that enabled its progressive 
institutionalization as a state-directed practice under the authority of 
state conservation laws. Proration thus rests upon the principle that 
the open flow of oil wells is wasteful and disruptive of equilibrium; 
that the reservoir pressure in an oil pool is a value needing to be con- 
served and utilized to best advantage. That the beneficiaries of proration 
continue to think more in terms of its stabilization than its conservation 
effects, masks but does not hide this principle. 


ADMINISTRATION 


In the course of the establishment of means for administering prora- 
tion, the conservation and stabilization aspects of the method became 
inextricably commingled. The stabilization objective was the motive; 
the conservation objective, the justification and grounds upon which a 
legal structure could be reared. Early in the evolution, the regulatory 
bodies faced the necessity of developing a procedure for determining the 
degree of curtailment to be imposed, both in respect to specific fields and 
in the aggregate; and ‘market demand” was the measure adopted, for 
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by its promise to create economic equilibrium the profit motive was 
invoked. It may be doubted whether a new system of control could 
have been constructed on the basis of an abstract conception of con- 
servation, at least not in an atmosphere becoming friendly to regulation 
for economic objectives; at any rate, a pragmatic course was followed 
and ‘“‘market demand” became the controlling yardstick in determining 
the rate at which the individual well would be permitted to produce. In 
the presence of a potential supply in excess of demand, this concept 
provides a means for equating supply and demand, and at the same time 
gaining the advantages of reduced flow per unit. It sacrifices the attain- 
ment of perfect underground equilibrium in the operation of the individual 
pool to the extent that a balance between supply and demand does not 
call for a level of output identical with that dictated by the optimum, 
or most efficient rate; and of course the market-demand concept becomes 
worthless in the event of a disappearance of surplus capacity. Neverthe- 
less, the market-demand concept is workable and contributes in some 
degree to the attainment of conservation objectives; it has come, in all 
events, to be an integral part of the system. 

Out of the two primary ingredients—the restricted flow per well which 
the state has the authority to impose in the interest of conservation, and 
the requirements of ‘“‘market demand,” to which the system must 
accommodate itself—the scheme of proration has been constructed. 
In effect, ‘market demand” is determined for each state, then subdivided 
into pool quotas, which. in turn are allocated to each lease in direct or 
modified proportion to the number of wells thereon. Thus demand is 
prorated to the innumerable points of supply. This procedure involves 
three tendencies that work in the direction of creating internal dis- 
equilibria: (1) established trade channels are rendered too rigid, (2) 
coordination is difficult in respect to accommodating new discoveries, 
and (3) the well as the ultimate unit is overemphasized, with the result 
that the drilling of unnecessary wells is stimulated. The last named 
consideration could be improved if the lease acreage instead of the number 
of wells were made the divisor in the allocation formulas adopted; and 
still greater progress could be attained in proportion to the degree with 
which the allocations were made to conform to the volume of oil in place 
under each lease. So long as the lease allowable can be increased by 
drilling wells in excess of the number required to drain the property at 
lowest cost, unnecessary wells will be drilled, per-well allowables will 
narrow unduly, costs will be enhanced, and a source of disequilibrium will 
be introduced into the system that might carry on to critical and disrup- 
tive limits. Itis in this area that the practice of proration is mechanically 
the most imperfect, and here consequently is wide room for improve- 
ment. Increasing attention by the industry and the regulatory bodies is 
coming to be devoted to these elements. 


278 AN EQUILIBRIUM THEORY OF PRORATION 


In the use of ‘‘market demand” as a yardstick for determining produc- 
tion allowables, a maladjustment in the internal balance of the industry 
is apt to be created if evidence of demand is taken to be the buyers’ 
indicated requirements instead of the calculated needs of the consumer. 
At times, owing to speculative movements, or to lagging adjustments to 
changing economic conditions, or even to undue rigidities in accommodat- 
ing refinery-yield factors to seasonal changes, buyers of crude oil incline 
to reflect a demand that gets out of phase with the needs of the consumer 
markets. In such instances, products stocks become maladjusted and 
price disparities between crude oil and products tend to develop, creating 
a disproportionate division of revenue as between the different branches 
of the industry. When this dislocation is carried too far, political forces 
may be engendered hostile to proration and inimical to its progress. 
The remedy for this condition is the substitution of ‘‘consumer demand” 
for ‘buyers’ demand” in determining ‘‘market demand.’’ There seems 
to be some appreciation of the importance of this distinction in the 
gradual abandonment of buyers’ nominations as evidences of demand in 
favor of the type of evidence supplied by the U. S. Bureau of Mines in 
its advisory production quotas, which are based upon consumer demand : 
but the principle doubtless deserves further incorporation into operating 
procedures. The disequilibria growing out of this phase of market- 
demand determinations should be carefully distinguished from those 
arising from the tendency of allocation methods to become too rigid 
because of overemphasis upon historical factors relating to trade channels: 
the first has to do with the size of the quotas; the second, with the 
manner of their geographic allotment. In both cases, the equilibrium 
concept will provide the criteria essential to an advantageous approach. 


EQuILiIBRIuM CoNncEPT 


Inasmuch as proration, as practiced, performs a stabilizing function, 
it becomes important to analyze its objectives in this respect and measure 
its tendencies in terms of the equilibrium concept. No doubt the popular 
view of stabilization is that of a condition of profitable price; but legally, 
and in theory, proration on this score is not concerned with price but 
merely with the maintenance of a proper balance between supply and 
demand. It is true, of course, that if proration is applied under circum- 
stances of disequilibrium when prices are subnormal, the price structure 
will respond with an upward movement ; and contrariwise, a lapse in 
proration, permitting overproduction, will result in a price decline. -As 
both conditions have happened in the past, with the designated price 
reaction, it is but natural that proration has come to be looked upon in 
some quarters as primarily a price-fixing measure. Yet it must be clear, 
upon consideration, that if proration brings about a perfect balance 
between supply and demand, that action alone has no effect upon price 
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other than to allow it in an orderly manner to seek an equilibrium level; 
that is, a level responsive to cost, buying power, and the capital require- 
ments of the industry. Inasmuch as cause and effect in respect to 
these considerations are slow in their incidence, the price structure takes 
on the characteristic of stability and alterations in it are infrequent. 
At the same time, price comes to be regarded as a reward for adhering to 
the proration plan; assumes notoriety as something that can be controlled 
in the interest of one class or another; and thus, entering into the political 
arena, becomes the focus of efforts to modify its normal course. These 
efforts are to be thwarted, if maladjustments are to be avoided. Limited 
to the maintenance of equilibrium, proration will be on sound ground; but 
if it moves toward the creation of artificial values instead of merely 
permitting the emergence of natural values, proration will prove disrup- 
tive of equilibrium and violate our definition of the requisite for 
survival. 

Efficient, low-cost production of crude oil obviously requires a larger 
underground reserve than would be needed to balance demand under 
rapid, open-flow conditions. Where lands are held in large blocks, as in 
most foreign fields, this condition tends to be fulfilled automatically 
and the ideals of unit operation are attained. In the United States, 
however, the prevailing conditions of land tenure are different: the oil 
reservoir is usually subdivided into multiple ownership, and the Rule of 
Capture, if unaffected by collective action, forces a rate of extraction 
harmful to the most effective utilization of the reservoir energy. In some 
cases the reservoir is unit-owned; in others, a unit policy is pursued by 
agreement; but in the large majority of instances, proration is the only 
influence that operates to create some of the advantages of collective 
action. If proration, in its further evolution, moves progressively in 
the direction of conserving reservoir pressure, it will be fulfilling its most 
important objective; and, contrariwise, any retrogression in this respect 
will presumptively weaken its tenure. Progress in the direction indi- 
cated requires the engagement of increased amounts of capital in the 
establishment of reserves, so that the aggregate back log of blocked-out 
oil will be sufficient to sustain production under back pressure. The 
increased stability brought about by proration encourages the investment 
of capital, even though the return is delayed, the compensating factor 
being a reduction in interest rates corresponding to a mitigation in the 
risks involved; but equilibrium in the capital factors will be upset if 
the larger reserves needed for efficient operation become too quickly 
drilled and converted into overcapitalized potentials. From this view- 
point we meet again the problem faced by proration of improving its 
effect upon drilling rates to the end that there may be a better balance 
between current production and the ‘“notential’’ in the presence of 
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In the development of proration, the state naturally has become the 
administrative unit. This circumstance permits competition among 
the states for their respective shares of the national market; and there 
still remains a wide lack of conformity between these units in respect 
to regulations and procedures, although the tendency is toward greater 
uniformity as time goeson. Serious and potentially disruptive disparities 
have developed in the allowables per well and the ratios of quotas to 
reserves in contiguous and competing states, and problems of this nature 
are among the most obdurate occupying a position in the interstate zone. 
Obviously some measure of coordination between the states is called for 
in the interest of continuity of equilibrium, and this gap has been filled 
by two instruments: (1) the advisory state production quotas supplied 
monthly by the U. 8S. Bureau of Mines; and (2) the Interstate Oil Com- 
pact, designed to provide the states with a means for acting together in 
oil-conservation matters. The advisory quotas are useful but have the 
objection as now computed that, being based upon existing trade chan- 
nels, they do not allow for the flexibility of change in oil movements that 
is sO necessary to avoid internal stresses; while the Interstate Oil Com- 
pact, still new, has not as yet adequately directed its labors along the 
intricate and fundamental lines so necessary to be explored if proration 
is to be guided into its most effective channels. It should be recognized 
that if the coordination function is not to reduce the autonomy of the 
states concerned, these states should prepare themselves to provide the 
essentials of coordination. 

The equilibrium concept of proration here presented, if valid, offers 
to those concerned with its administration and furtherance a criterion 
that may be useful in directing the evolution of a procedure that is yet 
an imperfect instrument. Every phase of proration may be subjected 
to the test question: Does it contribute or detract from equilibrium? 
And the answer, perhaps, may throw some slight upon the “desirability ”’ 
of that phase. In summary, therefore, we may illustrate the point and 
bring the argument to a close by setting down a series of key questions, 
as follows: 

1. Does proration contribute to the efficient utilization of reservoir 
energy in the production of crude oil? And is this contribution progres- 
sing in the direction of neutralizing the effects of the Rule of Capture 
through the furtherance of collective action in the single oil pool? 

2. Does proration induce a balancing of supply and demand, without 
in so doing creating other maladjustments that will tend to upset this bal- 
ance? And in bringing about such a balance, does proration leave price 
free to express natural values and perform properly its functional duties? 

3. Does proration operate to preserve capital equilibrium, so that the 
proper amount of capital is drawn into the business, but redundant 
capitalization is avoided? 
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4. Is proration making adequate advancement toward bringing about 
a suitable relation between demand and “potential” production? Is not 
much greater progress needed in changing methods of administration so 
as to retard the drilling of unnecessary wells? Is proper headway being 
made toward the institution of allocation formulas and well-spacing 
patterns designed to preserve equilibrium both in the single reservoir 
and in the economic structure? 

5. Does proration promote sufficient flexibility in trade channels to 
permit their orderly adjustment to changing requirements, with due 
regard to relative costs and size of reserves? And are its allocation 
procedures such as to stimulate orderly development and retard improvi- 
dent operations? 

6. Is proration approaching adequately the problems lying in the 
sphere of coordination between the oil-producing states? Is the legal 
instrument devised for this purpose, the Interstate Oil Compact, meeting 
its responsibilities with sufficient energy and skill to safeguard this 
field of operation from attachment by a higher central authority? 

The mere formulation of these questions may illustrate how the 
criterion of equilibrium may serve to focus attention upon the develop- 
ment that proration has already attained and the nature and com- 
plexity of the problems it still faces. A great American industry is 
engaged in constructing a new operating form and the outcome of this 
effort will be of the broadest interest. 


What Are the Uneconomic Uses of Petroleum? 


By Joun D. Gitu* ann E. T. Knicur* 


(New York Meeting, February, 1938) 


Mucu has been written and said concerning the alleged wasteful and 
uneconomic use of natural gas dnd petroleum. Especially condemned 
has been the use of natural gas for the production of carbon black and the 
use of heavy fuel oil under steam boilers. The critics of these usages of 
gas and oil have sought to make effective their verbal attacks on the 
industry by the repetitive expression of the words ‘‘inferior” and “supe- 
rior” uses? of petroleum. Thus, to employ natural gas for residential 
heating was to use it in a superior way; to use it for the production of 
carbon black was to use it in a wasteful and uneconomic way. To use 
petroleum for the production of automotive fuel was to use it in a superior 
way; to employ it as a residential fuel and as the prime source of power 
in an industrial plant was to use it in an inferior and uneconomic way. 

No doubt the objections to such employment of gaseous and liquid 
natural hydrocarbons originated in the belief that natural gas and petro- 
leum are limited, nonregenerative mineral resources, and that the func- 
tions they perform can be just as well performed by other natural resources 
like coal,* of which practically unlimited reserves are known. The 
generations that have dominated each of the last four decades have 
counted reserves‘ of petroleum in terms of a few years supply. Mean- 
while, domestic demand for motor fuel rose spectacularly from a few 
million barrels in 1900 to more than 500,000,000 bbl. last year.> The 
more imaginative and vocal critics drew startling word pictures of the 
catastrophe of 25,000,000 motor vehicles made useless and of the great 
automotive manufacturing and allied industries brought to an untimely 
end, and millions of workers left hopelessly unemployed by what they 
called the deplorably rapid depletion of the petroleum reserve. 

Many of the critics have been sincere advocates of the conservation of 
natural resources; many others, and in recent years probably the majority, 
have espoused the doctrine of conservation to promote their own self- 
interest rather than that of the public. The latest advocate of severe 
restriction in the use of petroleum for the alleged purpose of conserving 
the petroleum resource proposes to achieve that end by a bill,® now before 


Manuscript received at the office of the Institute Feb. 17, 1938. 
* The Atlantic Refining Co., Philadelphia, Pa. 
Notes are at the end of the paper. 
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the Federal House of Representatives, that provides for the levying of a 
heavy, discriminatory sales tax upon fuel oil. 

The absurd and uneconomic proposal to tax heavy fuel oil punitively 
in order to force a kind of hothouse growth in the yield of motor fuel, and 
a reduction in the total amount of crude oil required to satisfy the motor- 
fuel demand, has its humorous aspect. As every oil man knows, the 
production of motor fuel by cracking petroleum fractions as light as gas 
oil, and even kerosene, by the most highly developed refinery technique 
results in the production of heavy fuel. Of the 310,000,000 bbl. of viscous 
fuel oil produced last year, probably upwards of 150,000,000 bbl.” resulted 
from the cracking of light oils in the manufacture of gasoline. 

The present authors take issue with these sincere but irrational con- 
servationists whose concern for the future commands sympathetic and 
thoughtful consideration, but before attempting to demonstrate the 
untenable position they occupy wish to make clear that no form of phys- 
ical waste of our resources that could be practically and commercially 
avoided is condoned. However, it is important to an understanding of 
the matter to adopt a sensible view of what is commercially avoidable 
physical waste. Unless this is done, we shall all find ourselves practicing 
a penny-wise and pound-foolish policy. We may act as did the Simple 
Simon on vacation who, steeped in the inhibiting traditions of the virtuous 
thrift of an earlier economic era, remained in his hotel room to get the 
full ‘“‘value”’ of its high rental when he should have been sightseeing. It 
is not a far cry from this absurdity to the criticisms of conservationists 
of the recent past who would have prohibited the production of much 
needed crude oil because gas produced in association with the oil, lacking 
a market, was blown into the air® or burned in flares. 

The conclusion of the present study may be stated unequivocally. 
Currently, there are no uneconomic uses of petroleum. The resource is 
being employed as effectively as society, bulwarked by a highly developed 
technology, can feasibly employ it. There is no suggestion here that 
technical perfection characterizes the present-day operations of the 
producing and refining divisions of the industry or the utilization of its 
products; but, rather, that in the light of present knowledge an approach 
to practical perfection obtains. Nor is there here any attempt to refute 
the allegation that many hundreds of millions of barrels? of crude petro- 
leum have been produced in excess of the amounts that would have been 
sufficient for the production of motor fuel and other products intended 
for so-called “superior” uses had there been available for use in earlier 
days the technology and equipment now employed by the industry. But 
it is idle to speculate on what might have been. Better to spend time 
considering the far-reaching benefits that have accrued to our society 
from the rapid development of the petroleum resource and the harmful 
consequences of attempts to restrict the usage of crude petroleum by the 
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uneconomic punitive taxation of an important by-product” of the pro- 
duction of motor fuel. 

Unquestionably, during the past 25 years, the material welfare of our 
country has grown more rapidly than in any other period of equal length.'! 
Few persons would deny that this spectacular growth has been made 
possible, in large measure, by the development of automotive transporta- 
tion.12 Without abundant and cheap motor fuel, the spectacular growth 
of motor transport would not have been possible. Support for this 
statement can be found in a comparison of the development of the auto- 
mobile in this country, where motor fuel has been cheap, with the develop- 
ment of the use of automotive facilities in countries abroad where the 
cost of fuel has been high.'* To the observer it appears that the growth 
of the material welfare of many countries has paralleled the rapid growth 
of the motor vehicle. The role played by the ‘‘inferior” products in this 
superb development has been overlooked or ignored by the critics. To 
see this matter clearly it may be helpful to review a phase of the evolution 
of the business. 

The production of vast quantities of motor fuel was accompanied 
necessarily by the production of considerable volumes of gas oils and 
heavy fuel oils, which had to be marketed in order to clear the way for the 
production of still larger quantities of gasoline. There was no other 
commercial way. As the knowledge of the industry grew in the nature 
of its raw material; as suppliers of refinery equipment progressed in the 
development of materials of construction and in the design of ingenious 
facilities for the more effective processing of crude oil, higher and higher 
yields* of the most desirable product were obtained. But even while 
the proportions of the so-called “inferior” products declined, the absolute 
production" of them increased. 

Now speculate upon the impediments to the development of this vast 
industry that would be set up by the taxation of fuel oil sufficiently severe 
to withhold large quantities of crude petroleum from the use of the present 
generation, for the possible use of future generations. Speculate, indeed, 
because the estimation of the harm to our economy resulting from such 
taxation can be approximated only in the broadest, general terms, as by 
comparison of the relative growths of the economies of whole countries, 
already suggested. The tax would have restricted the use of gasoline, 
hence of the automobile and related industries and thus of a large segment 
of the economy. Follow through the facts to their implications. 

There was a time, not so long ago, when the price of gasoline would 
have been raised by 3¢ a gallon" for every cent of tax upon fuel oil. The 
reason for this is easily understood. As already stated, fuel oil is pro- 
duced of necessity when gasoline is produced. It must be sold in competi- 
tion with other fuels and priced to clear the market of it. Strenuous 
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efforts have been made to have it carry as large a share of the cost of 
producing and refining crude oil as possible. A study of prices indicates 
that, in a very substantial way, fuel oil has always brought the highest 
realizations compatible with its timely disposal. Support of this state- 
ment is found in the occasional storage of oil awaiting better prices. It 
must be clear, then, that any ‘“‘conservation” of crude effected by a tax 
on fuel oil would have resulted primarily from restricted use of gasoline. 
Gasoline users would have had to pay the tax without any benefit what- 
ever accruing to them therefrom. 

The plain fact of the matter is that, when uneconomic punitive taxa- 
tion is levied there is started a train of damaging sequences to which no 
visible end can be seen. Some of the conservationists might be gratified 
by any reduction in the consumption of crude oil, overlooking, or ignoring, 
the enormous benefits to the general economy that have resulted from 
the rapid development of the resource. By reflecting on this situation 
one may become better able to perceive and weigh fallacies inherent in 
many legislative proposals and enactments on business matters. Hach 
economic planner or manipulator with some special interest to serve would 
‘“‘fix”? the economy to suit his own ideas, regardless of the losses to the 
general economy, with which he appears to be little concerned. 

The simultaneous rapid development of the petroleum industry, the 
automotive industry and our general material welfare has been possible 
under the relatively free, flexible economy that has existed. Certainly 
such an economy has offered more opportunities for the exercise of initia- 
tive and ingenuity than one shot through with punitive legislative tax 
enactments. Incalculably great benefits have accrued to the people 
under the former system. Among these is a notable but less obvious 
benefit conferred on the nation by the very competition that oil has offered 
other fuels. 

The competition of increasing quantities of fuel oil with the anthracite 
and bituminous coal industries appears to have been a more potent force 
in inercasing the operating efficiency of those industries than any other 
known economic factor. In the 12 years to 1919, the maximum quantity 
of fuel oil made available for competition with solid mineral fuels did not 
exceed the equivalent of 7.5 per cent of the latter. 17 During this time, 
the operating efficiency of the coal industry, as measured by the output 
per.employee mining bituminous coal, remained nearly stationary. After 
1920, the oil industry exhibited remarkable vigor; absolute growth was 
spectacular; the quantity of fuel oil placed on the market rose with the 
rapidly increasing demand for motor fuel and, with respect to both the 
domestic and industrial fuel markets, loomed as a competitor to be 
reckoned with. It was during the latter period that the coal industry 
appears to have made its greatest progress technologically. In the 12 
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years between 1920 and 1931, the output of soft coal per employee rose 
32 per cent, from 4.00 tons to 5.30 tons per man per day. 

The significance of this natural competition, by which fuel oil indi- 
rectly conferred large benefits on the coal-using public, is likely to be 
overlooked by the man on the street. As a consequence, he is more often 
than not indifferent to the unsound preachments of the tax advocate 
who, assuming the role of patriot-conservationist, defends his restriction 
plan on the ground that petroleum must be saved in the interest of 
national defense, etc. What is the validity of this latter argument? 

Anyone who wishes to restrict the production of crude petroleum for 
any purpose whatsoever does so in the name of conservation. Only 
13,000,000,000 bbl. of known reserves, equal to only 10 years of consump- 
tion at the current rate of demand! Only 4 years!’ of assured supply at 
the present rate of demand, it being well established that perhaps 20 to 
30 years would be required to produce all of the proven reserves! So 
the argument runs. Superficial validity appears in the fact that there 
is no assurance that, even with the most highly developed prospecting 
methods, petroleum will be discovered in quantities sufficient to satisfy 
the increasing demand for motor fuels and the rapidly growing and 
socially beneficial demand for domestic heating oils.‘ 

The present authors have no inclination to meet this “Wolf! Wolf!’ 
cry with the plausible argument that while the industry has been listening 
to similar cries for more than 30 years it has been discovering and produc- 
ing enough oil to satisfy a growing demand during that time; has now the 
largest proven reserve of its 80 yeats of experience; and that there are 
reasons to expect it to continue to satisfy demand” for some indefinite 
time. Rather, it is suggested that an examination be made of the facts 
to determine what difference it really makes whether the supply will last 
only 10 years or, by rigorous restrictions on the use of known reserves, 15 
or, perhaps, 20 years. 

On one phase of this matter, there should be unanimity of opinion, 
Our country cannot afford to retard its peacetime economic development 
by restricting the use of products that have proved themselves essential 
to that development. The problem of maintaining the tempo of develop- 
ment cannot be solved by uneconomic restraints on consumption of 
products exemplified by domestic heating oils, but it can be solved by 
preparation for the production of supplementary supplies of gaseous and 
liquid hydrocarbons anent the day when the depletion of the petroleum 
resource naturally restricts the consumption of petroleum products. 

Such developments are in progress; probably the reason that they are 
not more in evidence is that their potential results are not yet needed. 
Depletion of the petroleum reserve is not in sight. The conservationists 
might take courage in this fact and find its substantiation in the willing- 
ness of practical oil men to maintain and expand investments,?! totaling 
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billions of dollars, for the transportation, refining and marketing of 
petroleum products. 

Moreover, those conservationists that have a predilection for solid 
mineral fuels might gain comfort from a review of historical instances”? of 
reversals of economic trends and thereby see in the early depletion of the 
petroleum resource the opportunity for a mammoth expansion of the coal 
industry. Support is not lacking for the belief that vast quantities of 
gaseous and liquid hydrocarbons are yet to be produced from coal.” 
Adoption of this view might lead these interests to conceive a constructive 
policy for action in behalf of their own industry, which would insure an 
adequate supply of liquid fuels when the petroleum resource is exhausted. 

Perhaps, second to heavy fuel oil, no other product or process has 
been the subject of so much adverse criticism as that by which carbon 
black is produced from natural gas. Over a period of many years, the 
production of carbon black has accounted for the consumption of thou- 
sands of billions of cubic feet of natural gas. Gas for this purpose has 
yielded a lower realization than has that employed for any other of the 
reported uses.24_ Perhaps it was this fact that led to condemnation of the 
production of carbon black by the incomplete combustion of natural 
gas. The use of the latter in distant cities for domestic purposes has 
been hailed as a more appropriate?®> employment of its concentrated fuel 
value and regulative quality. 

But, here again, it seems to the present writers that this view is the 
result of an incomplete analysis of the situation. Its proponents have 
not gone much beyond the making of comparisons of the market price 
of natural gas employed for the production of carbon black with the 
price that the gas might have brought under other circumstances. They 
have stated that carbon black was unreasonably cheap because of the 
uneconomic employment of gas for its production. 

They have not seen the practical impossibility of carrying gas to 
distant markets because heavy investments in pipe lines could not be 
justified in the face of uncertainty regarding the extent of reserves. And, 
if they had looked beyond the obvious phase of the matter to the value 
to the public of carbon black, they would have discovered several impor- 
tant facts—namely, that its chief function is as a reinforcing agent in the 
treads of automobile tires, ‘‘that it provides toughness that enables the 
tread to stand the abrasive action of contact with the road, that no other 
substance known today can approach in utility the record of carbon black 
for this purpose, and that a conservative estimate of the usefulness of 
carbon black in tire treads indicates that tires made with it last from two 
and a half to three times as long as tires made with the next most suitable 
material.’ Conservatively, it may be stated that, over the last 15 
years, the saving to the public in the form of longer-life tires has been 
upward of 40 times as much as the value of natural gas employed for the 
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production of all carbon black manufactured in this country for whatever 
purpose, even when valued at the well at the average price realized for 
natural gas from the same source put into the domestic market.” 

Consider briefly a closely related subject. Some sincere conservation- 
ists, possessed of patriotism of a sort, have deplored the export of our 
petroleum. There is no doubt about it, the cumulative quantity shipped 
abroad has been very large. During the past 37 years, the value of our 
petroleum exports has exceeded $9,000,000,000.7% It is pointed out that 
some day our country may just as direly need the equivalent of the oil 
exported as it may need that oil now used domestically in so-called 
“inferior”? ways. 

Here again, the lack of complete analysis tends to cause the essential 
facts to be overlooked. These overseas transactions do not represent a 
trading of our heritage for a mess of foreign pottage. Economically, the 
export of oil can be fully justified on the ground that it enabled us to 
purchase from abroad vast quantities of products not obtainable in our 
own country, which were absolutely essential to our comfort and develop- 
ment. Ina general way, they represented intelligently directed economic 
efforts, most likely to advance our standard of living. 


It is hoped that what has already been stated has established the 
bases for dissociating unsound implications from. the meanings of the 
terms ‘‘inferior”’ and “‘superior”’ as applied to certain fractions of petro- 
leum. ‘To say the least, these terms are difficult to define. Nor is the 
classification of products simplified by an attempt to ascertain and com- 
pare intrinsic values. Moreover, in an economic sense, classification and 
definition according to market values are not wholly satisfactory. Shin 
bone and liver must be produced with tenderloin. Similarly, even though 
to a different degree, heavy fuel oil must be produced with gasoline. 
Clearly, the terms “intrinsic” and “market” are not interchangeable; 
indeed, they are not strictly comparable. For example, the commercial 
value placed upon a long, high-speed subway ride in New York may be 
5¢; a ride of half that distance with less speed in Washington may cost 
twice as much. The “intrinsic”? value of the cheaper ride may be 
the greater. 

The conclusion of this study—that currently there are no uneconomic 
uses for petroleum—can be supported by detailed technical analysis; 
but it finds its broadest and firmest foundations in those economic anal- 
yses that comprehend all of the important interrelated factors of the 
economy. A product and the process of its production are to be viewed 
as economic when they elevate the total material welfare by a greater 
measure than would be effected by the expenditure of the same amount 
of energy in some other direction. True, the measurement of compara- 
tive benefits resulting from the expenditure of a given amount of energy 
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in two or more directions presents the student of the subject with a 
problem of vast magnitude. No doubt this is the reason why some of 
the thinking about “inferior” and “superior” and ‘‘economic” and 
“uneconomic” uses of petroleum has stopped short of sound conclusions. 
It illustrates, perhaps as well as any other circumstance, the fundamental 
fact that the advancement of the economic welfare requires freedom for 
the exercise of initiative by multitudes of men. It shows also that con- 
servation is not tantamount to a hoarding of resources but, rather, that 
true conservation furthers material welfare by permitting the usage of 
resources in accordance with the best information of the time. Better 
to use now what we have, in the way that seems best to many informed 
minds, than to save for we know not what. 


Notes 


1. In Quinton Relief Oil and Gas Co. vs. Oklahoma Corporation Commission, 
burning of natural gas to manufacture carbon black was prohibited in the interest of 
preserving the gas for domestic and industrial heating purposes although this retarded 
realization of its value. 

“Oil burning should not be permitted in stationary steam boilers . . . because 
oil constitutes a particularly high-grade and convenient form of fuel without which 
automotive operations would be impossible . . . because there is only a limited 
amount of this high-grade form of fuel . . . because steam plants utilize fuel extremely 
inefficiently.” The Economic Utilization of Liquid Fuel, 20. 

2. “ . . . not even half of our present production of crude oil is required to supply 
our national petroleum demands for recognized superior uses . . . the products 
thrown into inferior uses contain at least 50 per cent of easily obtained gasoline and 
other superior derivatives.’’—Federal Oil Conservation Board (Feb. 1926) 153. 

3. “Reserves of bituminous, sub-bituminous and semi-bituminous coal in the 
United States, within 3000 feet of the surface, amount to nearly 2.5 trillion tons and 
would yield about 92 billion barrels of motor fuel.’”—Federal Oil Conservation 
Board (Jan. 1928) 5. 


4. Petroleum reserves, United States, as follows: 


Minuions oF BARRELS 


Seecalls 

. ctually 

Date Authority Aad ep as a 
Estimate 

1908 | David T. Day, U. S. Geological Survey 8,014 17,980 

1915 | U.S. Geological Survey 7,500 16,349 

1925 | Committee of Eleven, Amer. Petr. Inst. 5,321 11,296 

1937¢ | Petroleum Facts and Figures, Amer. Petr. Inst. 13,063 1,278 

19382 | Oil and Gas Journal 13,489 

1938 | Amer. Petr. Inst. (recently released) 15,507 


« Ag of Jan. 1 of year indicated. 
’ Minimum; maximum, 22,514. 
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5. Indicated demand of motor fuel in United States has been: 
THOUSANDS OF BARRELS (42 GALLONS) 


YEAR QUANTITY 
1899 6,685 
1910 12,8652 
1920 108,945 
1930 397,770 
1937 518,760 


¢ Production of naphtha and gasolines as reported by Census of Manufactures. 


6. Sponsored by Representative Boland of Pennsylvania—1¢ per gallon equal to 
about 35 per cent on wholesale price. 


7. During 1937, there were run through cracking stills 533 million barrels of stock 
for a yield estimated at 30 per cent. 


8. In the case of Ohio Oil Co. vs. Indiana—*.. . providing that it should be 
unlawful to permit the flow of gas or oil from a well to escape into the openair. ... ” 


9. Production: 
THOUSANDS OF 


From 1916 ro 1930 BARRELS 

Gasoline produced from crude........................... 2,972,777 
Crude required @ 44.2 per cent Sydel d cell. 2h pes ee Aer 6,724,400 
Crude actually xuit to stillegee. 8 oka Bee oe 9,019,079 
Indicated saving in crude requirements...... ie Sacha Meets 2,294,679 


10. Gas and fuel oil, 1937, represented 38.6 per cent of volume of crude processed 
and supplied 21.8 per cent of total refinery value of products. 


11. Real wages increased the equivalent of 28 per cent of the 1913 standard between 
1910 and 1936. No other two years, 25 years apart yet both showing profitably 
active business, have been marked by a gain in real income even approaching 
this magnitude. 


12. In 1900, automotive and allied industries contributed negligibly to national 
income. Currently, their activity represents about 20 per cent of all retail pur- 
chases.—Bureau of the Census. 


13. National economic welfare and its relation to concentration and use of auto- 
mobiles, and the price of motor fuel, cannot be shown satisfactorily in the few statistics 
like the following selected data because of complex factors, for example, age of country, 


eee 


: , Price of : . 

; Tneome | per Motor | Gasoline | Population | Price of 

ountry oe oe * ean Year 1932, eee vay 1937, 

1932. | Per Cent ig te Per Cent Gale ] 
United States.......... $384 5.0 17.6 4.5 LON 
Gand aac tat nen ae 307 9.3 22.5 9.0 21.4 
United Kingdom......., 253 25.0 22.2 21.0 33.6 
New Zealand........... 207 8.0 29.5 70) 33.0 
Alistralig ty vio wou! 178 12.0 22.8 10.0 30.0 
HPONCGn cae ele ee . 198 22.0 28.0 19.0 34.5 
Cennany 12. Se ee 170 101.0 83.3 49.0 59.6 
ae iar. Lapin, ee 165 30.0 20.8 27.0 25.0 


——- 


a ome | 
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area per capita, concentration of population in cities, highway development, extent 
and development of national resources, etc. 


14. Principal petroleum products yielded from crude run:* 


AVERAGE PERCENTAGE FOR THE UNITED STATES 


Speen Cee 


Year Gasoline Kerosene Gas ar Fuel Lubricating Oil 

1899! 12.9 57.6 14.0 9.1 

1909? 10.7 33.0 33.6 NORG 

1919 25.2 15.4 50.2 5.6 

1929 39.3 Dl 45.5 3.5 

1937 43.9 5.5 38.6 3.0 
ee ee Se Ee ee 


«U.S. Bureau of Mines. > Census of Manufactures. 
15. Production of gas and fuel oils in United States: 


THOUSANDS OF BARRELS (42 GAL.) 


1919 181,602 
1929 448,949 
1937 456,867 


«U.S. Bureau of Mines. 


16. In 1909, the yield of gas and fuel oils was 33.6 per cent; the yield of gasoline, 
10.7 per cent; the ratio, 3.2 to 1. 


17. According to the Bureau of Mines, in 1919, the heating value of hard and soft 
coal produced totaled 14,602 trillion B.t.u.; the equivalent heating value of gas and 
fuel oils produced in that year was 1089 trillion B.t.u., equal to 7.5 per cent of the 
coal calorific value. 


18. The President of the United States to the House Ways and Means Committee, 
Heb. 7, 1938. . °°... .. there is a possibility of shortage of domestic petroleum in the 
United States as early as 1940 and a probability of a considerable shortage by 1945.””— 
Snider and Brooks: Bull. Amer. Assn. Petr. Geol. (Jan. 1936). 


19. Domestic heating oil burners and oil consumed, United States:* 


ool es ee eee 7 a re ae 
Heating Oils Consumed, 


Burners Operating at 


Year nd of Year Thousands of Barrels 
1922 56,800 1,762 
1925 177,400 8,010 
1928 322,000 14,272 
1931 760,800 24,659 
1933 920,300 35,190 
1936 1,352,700 60,178 


« Petroleum Facts and Figures, Amer. Petr. Inst. (1937) 36. 


20. Likely area estimated at 650 million acres still unexplored. Practical well 
depth now, exceeds two miles. Recovery increased 60 to 100 per cent by 


modern methods. 
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21. As of 1934, net investment domestically for petroleum transportation, refining 
and marketing estimated at 4280 million dollars. 


22. Production of lumber, ship construction, electric railway revenues, kerosene 
and, notably, demand for gasoline, which once was a drug on the market. 


23. See Note 3. 


24. During the nine years from 1927, inclusive, the well price of gas used for the 
manufacture of carbon black varied from a little below 2.8¢ to 1.57¢. The average 


well price of gas for all other purposes varied from 8.90¢ to 5.80¢. In general, the 
latter realizations were about three times the former. 


25. See Note 1. 
26. Judgment of rubber industry technicians. 


27. Between 1922 and 1936, inclusive, 2,745,540 million cubic feet of natural gas 
were consumed in manufacture of carbon black valued actually at 65 million dollars, 
but here assumed to be worth $232,820,000 when employed domestically. During 
this period, the wholesale value of the United States production of pneumatic casings 
and other tires totaled $7,397,910,000. It was the latter value that was enhanced 
two and a half to three times by carbon black. 


28. Value of U. S. petroleum and refined oils exported: 


YEAR 


THOUSANDS OF DoLiars 

1900-1904... ..2 sarin ties aieatie Shee ace Oe yasen Riel tee eae $ 369,129 
1005= 1909 221. ste, siya te See Sat We eee 469,417 
19101944 Fre AS ecient tt aed ny eee 613,831 
LOTO=191 Oe hentia hone ate ane 1,209,018 
1920-1024 Shak ae tae ee ae Ee 2,085,355 
10251020 Sax rairnt Tiwah:. packs eee ee ae ee 2,599,160 
LOSUFL OSES. ilo. eat aca mata nee Cee eee eee eee 1,400,683 
19851 996 si a:3in3. 2 dia caters a wate eae ie eo ea 511,172 

Total (1900-1036). 2c 5.5 e2) ool tel a Ree tee em eae $9,257,765 
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Market Behavior of Oil Shares from 1932 to 1937 


By Norman D. Firz Geraup,* Junior Memper A.I.M.E, 


(New York Meeting, February, 1938) 


Tux purpose of this paper is to analyze the behavior of oil securities 
during the six-year period January 1932 through December 1937. ‘This 
period was selected because of its varied character. It includes the 
depths of the depression, the broad and spasmodic recovery, and the 
recession collapse. The first part of the analysis is devoted to the cor- 
relation of a number of economic factors with an index of 13 oil stocks. 
The second part is a comparison of the differential behavior of 6 oil 
stocks. The relationships developed here are only a few of many that 
might be considered in a complete analysis. 

The stock market is regarded as a barometer of business confidence 
and as such exerts an important influence upon corporate policies, par- 
ticularly upon industrial expansion. The complex and continuously 
changing nature of its price structure, the ebb and flow of influences and 
the effects of impacts require dynamic rather than static analysis. When 
treated in this way, many of the important fluctuations in market prices 
and changes in the relationships between securities appear quite logical. 

The market for oil securities has varied widely in recent years. The 
Standard Statistics index of 13 oil stocks made a bull market peak of 
166.7 in September 1929. The collapse of the boom and the ensuing 
bear market finally carried the index down to a low of 36.4 in June 1932. 
From this point oil stocks made an irregular recovery; they reached a 
top at 139.7 in March 1937, and after maintaining this approximate level 
through August, declined precipitously to 93.3 in December 1937. 

The prices of these 13 oil stocks have gone up and down under the 
influence of numberless variables. These variables are of two kinds, 
those external to the industry, and those that are solely due to its internal 
condition. The external factors are political, social, and economic, both 
domestic and foreign. These are the influences that induce the ebb and 
flow of all prices in general and security prices in particular. Among the 
internal factors are the regulation of industry, the development of new 
reserves and processes, and the disequilibrium due to lack of balance 
between supply and demand. Some of the simpler relationships are 


examined in this paper. 


Manuscript received at the office of the Institute Feb. 11, 1938. 
* Department of Petroleum Economics, The Chase National Bank, New 


York, N-cYe 
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CORRELATION oF Economic Factors WITH OIL-STOCK PRICES 


In Fig. 1 are shown the index of 13 oil stocks and certain key elements 
in the petroleum economy, the price of 36° Mid-Continent crude oil, the 
daily rate of crude-oil production, and the spot price of third-grade 
gasoline at Tulsa, for the period January 1932 through December 1937. 
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Fig. 1.—INDEx OF THIRTEEN OIL STOCKS, PRODUCTION OF CRUDE OIL, PRICES OF CRUDE 
OIL AND GASOLINE (MONTHLY, 1932-1937). 


These six years have seen substantial changes within our economic struc- 
ture, especially within the oil industry. All of the series exhibit a general 
upward tendency from the beginning of the period to the end, as shown 
in Table 1. 


TABLE 1.—Advance of Key Factors in Six Years 


Prr Centr 
1S Oil stocks, prices. 5" cawas sete ac es oe ee 120.3 
36° Mid-Continent crude Oil, ‘DTIGES +. pmsl ae te te ee 58.4 
Production of crude oil; daily-rate,<.vaEel arate ee 58.2 
Third-grade gasoline at Tulsa price. ou, hen ee 38.6 
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The prices of oil stocks are influenced in some degree by these factors. 
During most of the period the price of crude oil was stabilized and there- 
fore shows but little relationship to the index of 13 oil stocks. The price 
of gasoline fluctuated with greater freedom than that of crude oil, but 
during part of the period also was under artificial influences. The rela- 
tionship between gasoline prices and oil stocks is poor. The trends and 
fluctuations in crude-oil production and oil stocks show some similarities, 
but the correlation is by no means good. These factors, while of major 
importance to the industry, did not control the prices of oil securities in 
this six-year period. An explanation of changes in stock prices must be 
sought elsewhere. 

There are several ways of examining the relationships between time 
series. One is to compare their similarity and divergence directly on the 
time axis, asin Fig. 1. This is fairly simple for short series, but rapidly 
becomes impracticable with long series, wide fluctuations, and nonlinear 
functions. Another method is to plot one variable against the other on a 
scatter diagram, and in this way eliminate the time scale. The considera- 
tion of scatter diagrams involves the estimation of simple or complex 
functions from the grouping of points about a line or curve. The longer 
the series and the wider the fluctuations, the more accurately the true 
relationship can be determined. 

The joint consideration of price and production of crude oil in analyz- 
ing the market appraisal of oil securities should yield better results than 
separate consideration. The approximate value of crude-oil output has 
been estimated as production multiplied by the price of 36° Mid-Con- 
tinent crude oil. This is compared with the index of 13 oil stocks in 
Fig. 2. The best linear representation of the data has been determined 
by the method of least squares, and is shown in the figure. The relation- 
ship is fair, having a coefficient of correlation of +0.88. 

The value of refinery output was compared with the index of 13 oil 
stocks. The approximate value of the products recovered at the refinery 
from a barrel of 36° Mid-Continent crude oil was multiplied by the crude 
run to stills. The relationship of this realization of refiners and the index 
of 13 oil stocks is shown in Fig. 3. The coefficient of correlation is +0.88, 
identical with the value of crude-oil output in explaining oil-stock 
price movements. 

It is reasonable for the prices of oil stocks to go up or down with 
general economic conditions. Petroleum lubricants, fuel oils and motor 
fuels are widely used throughout industry. The commercial uses of 
petroleum products are sensitive to changes in business, while the con- 
sumption of motor fuel and furnace oil by the general public is slower to 
respond. Therefore changes in industrial activity can be translated in 
terms of changes in the demand for petroleum. In Fig. 4, the relationship 
between the Federal Reserve Board Index of Industrial Production and 
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Fic. 2.—RELATIONSHIP OF THIRTEEN OIL STOCKS TO THE APPROXIMATE VALUE OF 
CRUDE-OIL OUTPUT (MONTHLY, 1932-1937). 
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Fig. 3.—RELATIONSHIP OF THIRTEEN OIL STOCKS TO THE APPROXIMATE VALUE OF 
REFINERY OUTPUT (MONTHLY, 1932-1937). 
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Fic. 4.RELATIONSHIP OF THIRTEEN OIL STOCKS TO THE FEDERAL RESERVE BoaRD 
INDEX OF INDUSTRIAL PRODUCTION (MONTHLY, 1932-1937). 
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Fic. 5.— RELATIONSHIP OF THIRTEEN OIL STOCKS TO THE PRICE OF HEAVY MELTING 
STEEL SCRAP AT PITTSBURGH (MONTHLY, 1932-1937). 
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the index of 13 oil stocks is shown to be very close. The coefficient of 
correlation is +0.93. 

The price of scrap steel fluctuates with business conditions and with 
the prices of oil stocks. The demand for scrap steel rises and falls with 
the operations of the steel industry. These in turn are a measure of the 
expansion or contraction of general business. The relationship between 
the price of heavy melting steel scrap at Pittsburgh and the index of 13 
oil stocks is shown, in Fig. 5, to be very good. The coefficient of correla- 
tion is +0.95. There is one obvious advantage in watching commodity 
prices for clues to industrial conditions, instead of waiting for indices of 
business activity. Prices are always available currently, while especially 
at critical times the operating statistics of business are delayed and 
revisions in the early figures are frequent. 

The movement of oil stocks compared with industrial shares in general 
is quite similar, as is well known. Throughout the period, from low prices 
to high prices, the variation has been almost point for point, a behavior 
that is characteristic of an expanding industry in a growing country. The 
coefficient of correlation of 13 oil stocks with 347 industrial stocks 
is +0.98. 

The earnings of the oil industry and the prices of its securities are 
influenced in an important degree by such internal factors as the value 
of crude-oil production and the value of the output of refineries. An 
examination of the relationships of these factors to oil-stock prices by the 
correlation method has revealed their influence. When analysis was 
extended to certain major economic factors external to the oil industry, it 
was found that during the period considered the index of 13 oil stocks was 
more closely associated with these external factors than to the oil-industry 
factors. The results of the correlations are shown in Table 2. 


TABLE 2.—Relation of Index of Oil Stocks to Economic Factors 


Coeffi- : 
Factors ptt Rdationshign 
tion 

Internal: 

Approximate value of crude-oil OUUD Wha eons +0.88 |X, = 27.06X, + 9.938 

Approximate value of output of refineries....... +0.88 | X, = 22.39X, — 2.676 
External: 

FRB index of industrial production............| +0.93 Xi = 1.506X, — 49.06 

Price of heavy melting steel scrap at Pittsburgh) +0.95 | X%, = 7.716X 5s — 20.48 

847 industrial stdcks cet e aan oo eee, +0.98 |X, = 0.8600X.— + 5.00 


DirreRENTIAL Movements or Ow Stocks 
The index of 13 oil stocks advanced and declined during the six years 
largely in association with factors external to the oil industry. This is not 
as true of the individual issues, for many oil securities have moved away 
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from the average of the group. The comparison of differential move- 
ments of oil stocks has been limited to six issues. These are the six 
common stocks included in the Standard Statistics index of 13 oil stocks, 
for which quarterly earnings are available. 

The deviations of these stocks from the average may be due to condi- 
tions internal or external to the particular companies. The internal 
condition of the industry is changing continuously, favoring the produc- 
tion, pipe line, refining, jobbing, and marketing divisions of the industry 
in varying degrees from time to time. The incidence of these oscillations 
of fortune upon the economic balance of the different companies alters 
their earning power and capacity to pay dividends. 

The prices of the six oil stocks under consideration have fluctuated 
over a wide range in the past six years. The closing prices at the end of 
each of the 25 quarters, from Dec. 31, 1931 to Dec. 31, 1937, were tabu- 
lated for analysis. The shares of Standard Oil of California and Con- 
tinental both closed the period at $29, although the former started at 
$25, and the latter at $6. In spite of such divergences, there are very evi- 
dent similarities of trends, and fluctuations. 

The analysis of divergence is facilitated by the removal of similarities 
from the series. These stocks have been under three major influences— 
those affecting the market as a whole, those associated primarily with the 
oil business, and those originating in the competitive positions of the 
companies. The two groups of influences external to the companies can 
be removed from these series in a large measure by expressing each price 
in per cent of the sum. In this way six new series were derived, which no 
longer have similar trends or fluctuations, but display marked individual- 
ities and dispersion from the average. The data have been adjusted to 
Dec. 31, 1931 = 100 and are shown in Fig. 6. The changing price of 
each share is indicated in terms of the price of the group. For example, 
at the close of the period, the sum had actually advanced from 100 to 
204; while Shell Union had advanced from 100 to 269. Therefore the 
closing price of Shell Union was approximately (269) (2.04) = 550 per 
cent of the price at the beginning of the period. The persistent declines 
of Standard Oil of California and Union Oil of California are in sharp 
contrast to the vigorous uptrends of Continental starting in 1933 and 
Shell Union starting in 1935. The movement of Atlantic Refining was 
characterized by a rally in 1932, eventually canceled by the close of the 
period. Ohio Oil enjoyed a rally, dip, and recovery from 1932 to 1933; a 
decline extending into 1936, followed by a rally into 1937. 

Several influences may generate this dispersion—the changes internal 
to the companies and the effects of developments within the industry 
upon the various units. There is no simple way in which these can be 
measured, although undoubtedly they are reflected in earnings and 
dividends. The comparison of earnings and dividend records is com- 
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plicated during part of this period because some of the companies oper- 
ated at deficits and paid no dividends. Under normal conditions, changes 
in earnings frequently are a measure of changes in prices, but this tech- 
nique is not applicable to deficits. 

Earnings are an important influence on stock prices while deficits are 
not as significant. Earnings roughly measure the capital employed; 
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there is, however, only the vaguest relationship between deficits and the 
size of the business. Stock prices are free to fluctuate with earnings but 
not with deficits, for zero is the limit. The movement of stock prices in 
response to earnings is unimpeded; on the other hand, responses to deficits 
or very low earnings are usually restricted by the presence of residual or 
salvage value, if not potential income. Deficits cannot be regarded 
simply as negative earnings, they must be considered qualitatively in 
analyzing stock prices. Deficits impair the working capital position of a 
company and its credit rating. They have a: persistent depressing effect. 


—. P~ W 
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on prices because they may reduce the efficiency of operations and defer 
the resumption of dividend payments. 

Relative annual earnings, as reported, have been computed by the 
method used on stock prices. For comparative purposes deficits have 
been considered as zero earnings. ‘The series is shown in Fig. 7. Stand- 
ard Oil of California displays a downward trend with the exception of 
1934, and Union Oil of California with the exception of 1935. The sharp 
advances in Continental and Shell Union are again obvious. In connec- 


relative to the bases 


20 


eS 

Ree SS 
RIN elena 
Peet 


meyer 


1932 1933 1934 1935 1936 1937 


Fig. 7—DIsPERSION OF ANNUAL EARNINGS (DEFICITS NOT CONSIDERED) ON SIX 
OIL STOCKS IN RELATION TO THEIR SUM BY YEARS, BASED ON 1932 = 100 FOR COMPANIES 
EARNING IN THAT YEAR, OTHERS BASED ON 1935 = 100 (ANNUALLY 1932-1937). 
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tion with the latter the relationship extends even to the reversal of trends 
in 1937. The general similarities of movement in relative prices of 
Atlantic Refining and Ohio Oil are reflected in the relative earnings com- 
parison. It should be kept in mind that in the early years of the period 
earnings were quite erratic and deficits frequent, and throughout the 
period the figures are subject to changes in the accounting policies of 
the companies. 

The earnings of a company are of interest because eventually they 
may develop into dividends. Dividend payments, as well as earnings, 
have an influence on the market prices of securities. Relative dividend 
payments have been computed by the same method as stock prices and 


302 MARKET BEHAVIOR OF OIL SHARES FROM 1932 To 1937 


earnings and are shown in Fig. 8. The same general tendencies are 
present in dividends as in earnings, although there appears to be a definite 
improvement in the details of the relationship with price, particularly for 
Standard Oil of California and Atlantic Refining. The resumption of 
dividend payments by Shell Union and Continental were undoubtedly of 
importance to the stocks of these companies. 
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Fia. 8.—DISPERSION OF ANNUAL DIVIDEND PAYMENTS ON SIX OIL STOCKS IN RELA- 


TION TO THEIR SUM BY YEARS, BASED ON YEAR OF FIRST PAYMENT = 100 (ANNUALLY 
1932-1987). 


SUMMARY 


Economic factors external to the oil industry appear to have been of 
major importance in the movement of oil-stock prices as a group in the 
past six years. This behavior is characteristic of the securities of an 
industry that serves a diversity of industrial and consumer requirements 
and is maintaining its competitive position. 

Analysis of the prices of shares making up the index reveals important 
differential movements. These seem to be related to developments 
within the companies and to the effects of changing internal conditions 
of the oil industry upon the particular enterprises as reflected in their 
earnings and dividends. 
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World Consumption of Petroleum Products and Related Fuels 


By V. R. Garrras* anp R. V. Wuerset,* Mempers A.I.M.E., anv J. W. Risrori* 
(New York Meeting, February, 1938) 


PRELIMINARY estimates indicate that world consumption of petroleum 
products and related fuels in 1937 shattered previous records with a figure 
of 1,920,000,000 bbl.; that is, 124,000,000 bbl. more than the 1936 total. 

The writers, as in previous years, have been unable to account for 
all the available supply in 1937. This “‘unaccounted-for” supply, which 
formerly was thought to go largely into storage in foreign countries, was 
close to 53,000,000 bbl. in 1933; 93,000,000 in 1934; 111,000,000 in 1935; 


75,000,000 in 1936 and 148,000,000 in 1937. As this discrepancy between - 


supply and demand continued year after year, it became evident that 
other reasons than additional foreign stocks were responsible for it. 

It can now be stated that the ‘‘unaccounted-for”’ supply (see Table 1) 
goes to take care of: (1) consumption of petroleum products and related 
fuels for military purposes, the figures of which have been and are kept 
confidential by foreign countries, (2) additions to stocks to be consumed 
for military and nonmilitary purposes in foreign countries on which 
likewise no information is available, (3) errors incurred in the conversion 
of figures of production of crude oil, its products and related fuels from 


“‘weight”’ units, as used in Russia, for instance, to their American or 


“volume” equivalents and vice versa, and (4) to the lack of reliable 
statistics on production and consumption, particularly from Russia, the 


TaBLE 1.—World Production and Consumption of Crude Oil, Petroleum 
Products and Related Fuels 


THOUSANDS OF BARRELS 
a eeeeeeeeeeSSSSSSSSSSeeSSSFSFsFsF 


: Consump- Excess Production over Consumption United States Military 
Production tion of Consum: 
Year | of Crude Oil] Petroleum tion an 
oy panied see United ue te World Excess — Storage 
‘uels an a ni Exports over! To Sto: Outside 
els States States Total imports Sar U.S.A. 
1932 1,362,039 1,348,407 R13,011 26,643 13,632 28,781 R41 oe 55,424 
1933 1,467,128 1,406,923 67,427 R7,222 60,205 60,254 7,1 53,032 
1934 1,562,834 1,507,599 26,164 29,071 55,235 64,013 R37, uo 93,084 
1935 1,702,793 1,614,475 53,027 35,291 88,318 75,474 R22) ae 110,765 
1936 1,864,997 1,795,560 52,209 17,228 69,437 74,890 “| R22,6 74,894 
1937 2,109,820 1,919,500 161,100 29,220 190,320 119,000 42; 100 148,220 


Manuscript received at the office of the Institute Feb. 12, 1938. 
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second largest producer and consumer. 
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The writers are present- 


ing a paper on world consumption of petroleum and related fuels for 
military purposes, in which an effort is made to analyze the magnitude 


of this consumption. * 


TaBLE 2.—World Production of Crude Oil and Related Fuels 


THOUSANDS OF BARRELS 


1936 1937 


Country 
Ser am eee 1 efoto ey Crue | Batali rota 

United States..........] 1,099,687] 45,272 | 1,144,959) 1,278,000] 51,000 | 1,329,000 
JOR oatges es cero 199,636} 1,000 200,636} 200,000) 1,000 201,000 
Venezuela............. 155,271 800 156,071) 185,300 900 186,200 
TER is ae Sicene tite netaatelichs 61,929 900 62,829 78,100} 1,000 79,100 
Netherlands Indies..... 47,962} 1,800 49,762 54,900} 1,900 56,800 
PR UITTN ALIS Rye ee eyetad: 3 arse 63,533} 1,000 64,533 52,000 800 52,800 
IMEEXICOM Avireentciencs a> s 41,166 800 41,966 46,700 900 47,600 
Hira Cerees hitck te etotas cle ays 29,913 29,913 30,700 30,700 
Colombia..... 18,756 500 19,256 20,200) 600 20,800 
Peru.. 17,593} 1,300 18,893 17,700} 1,300 19,000 
Bras te FAG Ieee tan eae i 13,237 100 13,337 15,600 120 15,720 
ATECNtNG 4... 2. es oe 15,458 400 15,858 15,300} 400 15,700 
Britishein Gide aos cnn 9,566 100 9,666 11,200 140 11,340 
Germany seca ase 3,077; 6,800 9,877 3,100} 7,700 10,800 
Bahrein Island......... 4,645 4,645 7,400 7,400 
British Borneo......... 4,818 100 4,918 6,130 130 6,260 
Poland it iota ease ee 3,870 500 4,370 3,700 500 420 
Wand ad fairies eat 140) 1,364 1,504 1,100) 1,800 2,900 
PVA. ster ayeps clot oki okageed 2,403 150 2,553 2,500 150 2,650 
Ecuador...... 1,948 1,948 2,200 2,200 
ID ays Oc hawt SOO nee are 1,242 50 1,292 1,200 50 1,250 
OG MeLS tee tate pacwetes «eye 1,016] 5,200 6,216 1,000) 5,400 6,400 

1,796,861) 68,136 | 1,864,997; 2,034,030) 75,790 | 2,109,820 


eee ee ee | ee Se 


* See page 308, this volume. 
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TaBLE 3.—World Consumption of Petroleum Products and Related Fuels* 
THOUSANDS OF BARRELS 


1936 1937 
2 Oo: = 2 Om w 
Country 5 ES af : ws 3 eo ag 4: as 
o & os P= 8 
5 = |S8| 28 = oe 5 a be 25 6 
2 | 8 |38|S2/ & |S8| 8 | s8 |228/ 28] f 
51,430/410,440/22,320/ 127,030) 1,092,750|517,000) 55,000 442,000 23,900) 130,000! 1,167,900 
39,150] 59,580) 8,500] 18,000] 147,450] 24,000] 41,000] 64,000| 9,200] 20,000] 158,200 
6,530) 25,810] 3,410} 3,970} 79,970) 43,000) 6,600} 27,400] 3,700) 4,3 85,000 
1,820] 15,970) 2,130} 4,470) 48,790] 25,000} 1,700/ 17,200) 2,300] 4,700} 50,900 
780} 11,890] 3,300} 3,800} 40,400} 21,000 600} 14,000) 3,600) 4,300) 43,500 
2,220) 15,650} 1,260/ 2,080} 38,920) 20,000 2,250] 17,000) 1,300] 2,450} 43,000 
1,840/ 17,000] 2,150] 2,600} 33,590} 10,400] 2,000} 16,500] 2,500] 2,700] 34,100 
1,230| 15,490) 330] 1,470} 24,700] 6,300) 1,200] 16,000] 300] 1,500] 25,300 
950) 12,700} 250) 1,450) 18,250] 3,600] 1,000] 15,000) 300] 1,690] 21,590 
Ttaly cena cee 4,210} 1,480} 9,480} 630} 1,100] 16,900} 5,200 900} 11,300) 900} 1,700} 20,000 
Netherlands West 
Tandon soc soncncer eres 180 30} 12,500 40} 3,900) 16,650 180 30} 13,500 40} 4,300} 18,050 
British India.......... 2,480} 6,500) 3,800} 990] 1,300) 15,070} 2,650) 6,950| 4,100] 1,050! 1.400 16,150 
AUstraliacpucansahe a 7, 1,170) 3,470} 430 900} 13,270} 7,500) 1,300) 3,600) 450! 1,000) 13,850 
Rumania toate. Case. 810) 1,290] 10,500} 220} 2,000) 14,820 700; 1,000} 9,000) 200) 1,500} 12,400 
Netherlands Indies..../ 1,500} 2,000) 5,100} 200] 1,300) 10100] 1,500 1,950} 6,100} 250) 1,500} 11,300 
Netherlands.......... 3,480] 1,700} 2,800} 360 700 9,040; 3,500) 2,000) 3,500! 400} 1,000} 10,400 
Tran Fe, eee eras 500} 1,000) 4,600 300} 2,000 8,400 540) 1,080! 4,900} 320) 2,100 8,940 
Sweden i527 sagen. 3,740 840} 2,500; 360 490 7,930} 4,000 900} 2,900} 400 700 8,900 
Venesuela........4.... 590 30} 1,200 40] 5,900 7,760 650 30} 1,300 40! 6,300 8,320 
1 a ae om 2,750 790} 4,190} 220 100 8,050} 2,700 850} 4,200! 250 1 8,100 
Bolgitina. 8a ee 4,300 350} 1,200) 400 500 6,750} 4,600 370} 1,300) 430 530 7,230 
Ching shee Rear s 990) 2,460} ~2,800} 260 340 6,850} 1,000} 2,500) 2,900) 280 360 7,040 
Union of So. Africa. 3,560 400} 1,670! 240 300 6,170) 3,800 430} 1,790) 260 320 6,600 
NATE S Gcoe ee a 2,500 700} 1,800} 350 200 5,550) 2,700 700) 2,100} 350 200 6,050 
Bay ptet. seeks a 700} 1,700) 2,300} 140 400 5,240 750} 1,820} 2,460) 150 430 5,610 
SDAIN ace oeeleeeh oe 2,800 190} 1,650) 100 210 4,950} 2,900 200; 1,700) 100 200 5,100 
INOPWAY eho an eens 1,200 280} 2,000) 100 140 3,720} 1,600 500; 2,500! 150 200 4,950 
New Zealand......... 2,800 200} 1,200} 100 200 4,500) 3,000 210} 1,280) 110 210 4,810 
Cub: 70} 3,750 40 110 4,460 520 70} 4,000 40 120 4,750 
70} 3,800 30 290 4,300 120 70; 4,100 30 310 4,530 
580} 2,400 80 130 4,190} 1,080 620} 2,570 90 140 4,500 
330} 2,400 70 200 3,690} 1,000 330} 2,800) 120 200 4,450 
220} 2,100 60 750 3,480 370 230) 2,300 60 800 3,760 
60} 2,550 70 40 3,290 610 60! 2,730 70 40} . 3,510 
Hawaiian Islands...... 980 140] 1,990, 70 70 3,250) 1,050 150} 2,130 70 70 3,470 
Switzerland. .......... 1,650 170} 1,200) 120 50 3,190} 1,700 200} 1,300) 150 100 3,450 
1,700 590 520} 250 50 3,110} 1,820 630 560} 270 50 3,330 
910 280} 1,200} 150 150 2,690 970 300) 1,280} 160 160 2,870 
550 960 20} 300 500 2,730 600} 1,000 450} 300 450 2,800 
550 200} 1,500 30 300 2,580 590 210) 1,600 30 320 2,750 
630 60} 1,800 40 40 2,570 670 60} 1,920 40 40 2,730 
110 30] 2,300 20 40 2,500 120 30! 2,460 20 40 2,670 
510 200} 1,400 70 60 2,240 600 170} 1,400 60 70 2,300 
1,100 510 270 70 200 2,150} 1,200 520 270 70 200 2,260 
970 350 370 70 160 1,920] 1,050 380 400 70 170 2,070 
550 450 600} 100 100 1,800 590 480 640; 110 110 1,930 
490 70 990 30 40 1,620 520 70} 1,060 30 40 1,720 
750 550 100) 100 100 1,600 800 590 110}; 110 110 1,720 
570) 390 270 60 70 1,360 610 420 290 60 70 1,450 
770 90 110 40 130 1,140 820 100 110 40 140 1,210 
OF4C ye RE 6,700; 5,550) 23,200) 1,040} 2,870} 39,160] 7,200) 6,000 24,800] 1,120} 2,900] 42,020 
Ot oe Poe wre heed 694,910) 140,980|714,530/52,040 193,100 1,795,560|744,380 147,760 itd Ate pega ety 


@ Consumption figures include crude consumed as such, all its products and related fuels such as benzol, natural gasoline, 
alcohol used as motor fuel. Oil delivered to ships bunkers is included in consumption of country where deliveries are made. 


DISCUSSION 
(M. Albertson presiding) : 


J. B. Umpuesy,* Seattle, Wash—What word did you use in describing present 
conditions in petroleum production? 


V. R. Garrias.—The expression was “OIPO,” meaning “oversupply of imme- 
diately producible oil.” Let me explain further: The present condition of petroleum 


* Petroleum Engineer, 
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production may be compared to that of a man in deep water. As long as the water 
level is below his nose he is safe but 14 in. of water above will very likely drown him. 
Formerly the producer always had that gambling chance, the ever-present prospect of 
a bonanza, the gusher, which even in times of overproduction and low prices meant a 
fortune. This created the ‘flood and famine” era of the industry, the days of wide 
fluctuations in price, of fortunes overnight. With restricted production, proration 
and allowables, came the stability in prices, the damned-up available production, the 
gusher artificially turned into stripper and the impossibility of bonanzas. For several 
years, the business of oil production has struggled with an Oversupply of Immediately 
Producible Oil (abbreviated to OIPO) which has not been great in proportion to 
ultimate reserves or to the demand, forming a thin layer of unnecessary but imme- 
diately available oil, which demoralizes the entire industry. 


C. A. Warner,* Houston, Texas.—Have you considered the reserves that might 


be producible in the future owing to improved production methods or higher price 
of oil? 


V. R. Garrias.—Figures of reserves as published have little meaning. No effort 
is made to differentiate between economic and uneconomic reserves, nor is the time 
element taken into account. Some of the so-called reserves are not assets; they are 
liabilities. In estimating proven reserves, only oil that can be economically produced 
at a given time should be considered. 


* Houston Oil Company of Texas. 


World Consumption of Petroleum Products and Related Fuels 
for Military Purposes 


By V. R. Garrias* anp R. V. WHETSEL,* MEMBERS A.I.M.E., anp J. W. Ristori* 


(New York Meeting, February, 1938) 


Durine the past eight years, in trying to estimate world consumption 
of petroleum and related products, the authors have been unable to 
account for all the supplies available in any one year. There has 
remained at all times a balance, which at first was thought to represent 
almost entirely additions to stocks in foreign countries. But as this 
discrepancy continued year after year—over 148,000,000 bbl. in 1937—it 
became unreasonable to conclude that corresponding additional foreign 
storage capacity was continuously being made available. It became 
therefore clear that the balance in question was due to other causes than 
to additions to stocks. 

Last year Mr. A. G. White, Chief Economist of the Petroleum Eco- 
nomics Division of the United States Bureau of Mines, pointed out to 
one of the authors that an unknown and important factor in consumption 
of petroleum and related products is to be found in the requirements for 
military purposes in foreign countries. This paper is the result of Mr. 
White’s timely suggestion. There are no reliable data available either 
on the storage capacity, and therefore oil stocks, or on the petroleum 
consumption for military purposes in foreign countries. This informa- 
tion is so closely related to national defense that its divulgation is for- 
bidden. One can therefore but surmise as to these facilities and needs in 
line with the relative strength of the military land, air and sea forces of 
the various countries. 

The authors have assumed many of the component factors that go 
to make the tables herein presented, such as fuel consumption of fighting 


ships in relation to tonnage and horsepower, gasoline consumption of air’ 


fleets in relation to number of planes, and the consumption of petroleum 
products by mechanized armies; but in making these assumptions they 
have availed themselves of the advice and counsel of those whose wide 
experience in these questions make their views authoritative. 

The opportunities for error in an estimate of this nature are obvious 
and ever present; to illustrate: The air fleets in Spain no doubt consumed 


Manuscript received at the office of the Institute Feb. 3, 1938. 
* Cities Service Co., New York, N. Y. 
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more gasoline in 1937 than the same number of military planes in France, 
while the Japanese Navy, as a result of the hostilities in China, obviously 
needed during the year more fuel oil than, say, a corresponding American 
fleet. Also, the German Army, more thoroughly mechanized, utilized 


TaBLE 1.—World Consumption of Petroleum and Related Products by 


Armies in 19374 
U. S. Barres 


Country Personnel Sel a Motor Fuel | Lubricants Total 

ATP ONIN ASE esc <d o es 37,000 10,700 300 11,000 
PACS ELE a ps fete aea is: ests aia b8 38,000 10,700 300 11,000 
SEVPINIM Seema cst lecemns 92,000 21,500 600 22,100 
IBY SEAT lee A on a i ee een 66,000 12,900 300 13,200 
British Empires! 2..%.. - 385,000 300,000 9,000 309,000 
1800 Potty Eleehs noice Aenea rere 44,000 5,400 200 5,600 
WGhin aren. pe oe ese 1,750,000 5,400 200 5,600 
Czechoslovakia......... 164,000 26,900 800 27,700 
JESTER I an Aa a ee One 30,000 5,400 200 5,600 
PANCCk see cieweracie eat. ale 659,000 269,000 7,500 276,500 
Germany cs cite face 650,000 150,000 4,000 154,000 
(GYECCENTE GS hate rae sates 80,000 15,000 400 15,400 
TSR aoa a ee eee 44,000 10,700 300 11,000 
ISA hfe nc Steere > Seer nome 1,332,000 306,000 9,200 315,200 
ABNEY Gene Sian aces Seen guanc 600,000 242,000 6,800 248,800 
IMIGXIC ORM ee Ree 57,000 10,700 300 11,000 
oda dicey) 2 ie ent nesses 333,000 107,000 3,000 110,000 
Rortucalame nee torr cx 61,000 17,200 500 17,700 
un 6 aod Somer wear 222,000 64,500 1,800 66,300 
AUIRSSIA eevee te Co. cubtets avicla ea 1,545,000 322,000 9,500 331,500 
Spain 500,000 242,000 6,800 248,800 
Sweden 34,000 10,900 300 11,000 
MDT K Cierra tee- tai Pareto Me 133,000 26,900 800 27,700 
SVorPOSs lA Wis ite le te «it 132,000 26,900 800 27,700 
United"States.......... 170,000 960,000 242,000 6,800 1,208,800 
(OUIVETES 8 Bactge heed ogi eee 220,000 | 2,240,000° 215,000 6,000 2,461,000 

9,378,000 | 3,200,000 | 2,676,500 76,700 5,953,200 


2 Tn addition, some 10,000 bbl. of miscellaneous products were consumed by armies 


in 1937. 


>. Represents gas and fuel oil consumed by the armies of countries shown in this 
table and on which no segregation by countries was attempted. 


in 1937 more petroleum products than the warring armies of China, which 
“on paper” greatly outnumber the former. The authors have made 
what they believe to be adequate allowances for these and other similar 
conditions and therefore feel that their conclusions do represent a fair 
approximation to the actual facts. 
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With the foregoing and similar limitations in mind, the authors present 
this paper, having as its main purpose to account in part for 
the ‘‘unaccounted-for balance”? appearing in previous estimates of 
world consumption. 

It should be noted that it has been and will be impracticable to fully 
account in any one year for the available world supply of petroleum and 
related products, until accurate information is available regarding oil 
stocks and consumption for military purposes in foreign countries. 


TaBLE 2.—World Consumption of Petroleum and Related Products by 


Navies in 19374 
U.S. Barres 


Country Tonnage Horsepower Gas on Fuel Lubricants Total 
(Atpentinasy. a anne 100,000 350,000 742,000 2,000 744,000 
Bracil Steen, be se8 59,000 118,000 439,000 1,200 440,200 
British Empire....... 1,256,000 6,450,000 | 10,526,000 28,800 | 10,554,800 
While asa eee 75,000 150,000 500,000 1,300 501,300 
Chinaern..c:. tenn 52,000 105,000 400,000 1,000 401,000 
Cubaksein pete 2 15,000 30,000 116,000 300 116,300 
‘Denmark. eee 16,000 34,000 120,000 300 120,300 
Hinlan ds iced Att 15,000 37,000 116,000 300 116,300 
Pines OF. 516,000 | 2,730,000 | 4,600,000 | 13,500 | 4,613,500 
Germany... Agee: 135,000 695,000 1,000,000 2,600 1,002,600 
(ITEOCEL ans. eres are 37,000 74,000 275,000 700 275,700 
Ttalyerntc. 2 eee 425,000 3,620,000 | 3,465,000 9,800 3,474,800 
JAPAN een, Mee: ...| 818,000 | 4,524,000 | 6,200,000 18,000 6,218,000 
Netherlands’......... 88,000 616,000 660,000 1,900 661,900 
IN OBWB Vices saute ot 40,000 60,000 300,000 900 300,900 
Portugales ate 26,000 |. 55,000 200,000 600 200,600 
IUISSIA ent,; eee a 193,000 483,000 1,498,000 4,500 1,502,500 
Spainns Anes ee 100,000 546,000 742,000 2,200 744,200 
Sweden sty eo 85,000 255,000 630,000 1,700 631,700 
ULL. at ana eee, 44,000 88,000 320,000 900 320,900 
United States........ 1,146,000 | 5,996,000 | 8,250,000 24,000 8,274,000 
Othelsiane eck ons 150,000 300,000 1,000,000 2,000 1,002,000 

5,386,000 | 27,316,000 | 42,099,000 | 118,500 42,217,500 


“In addition, about 20,000 bbl. of miscellaneous products were consumed by 
navies in 1937. 
» Includes Netherlands Indies. 


Tables 1, 2 and 3 show the relative strength in 1937 of the armies, 
navies and military air forces, respectively, and the estimates of consump- 
tion of petroleum and related products in the various countries. Table 4, 
which summarizes the other tables, shows that in 1937 close to 60,000,000 
bbl. was consumed for military purposes. This total is some 8,000,000 
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bbl. higher than corresponding figures for 1936, indicating, as was to be 
expected, that the increase in consumption for military purposes has 
kept pace with the added world demand of these products for nonmili- 
tary activities. 


TaBLE 3.—World Consumption of Petroleum and Related Products by 
Military Air Forces in 19374 


U.S. Barres 


Country Personnel Planes Motor Fuel | Lubricants Total 
AC CIMT Ge ieee tenekeeer se: 1,750 175 48,000 1,600 49,600 
Ea Gio. aa 2,370 225 62,000 2,100 64,100 
ES naz meer ceitetewrecese ae ores 4,000 165) 20,000 700 20,700 
IBBiGISH EEA DITG occugece cs « 57,040 4,800 | 1,337,000 44,000 | 1,381,000 
ZN ar 2,040 225 62,000 2,100 64,100 
(Clay Seek Seer catego soos 2,500 250 70,000 2,300 72,300 
iDyeravaatnidich 2 oaant Aaa cee 1,100 90 25,000 800 25,800 
OS ae 54,000 4,700 | 1,309,000 | 43,000 | 1,352,000 
Germany...-0s.e.e<+0: 50,000 4,500 | 1,253,000 | 41,000 | 1,294,000 
ET GOCE sig Mis pesca s 6,750 150 42,000 1,400 43,400 
Ae yee ee aie ob ie is oel 3 50,000 4,500 | 1,253,000 41,000 | 1,294,000 
RU SMaUSS he teced gic ieee UREN 40,000 3,000 835,000 27,000 862,000 
‘ etay erick Nid een cote er ee 8,000 400 112,000 3,600 115,600 
PRUIMNAMIAS ahaa weyrin > sr 15,000 1,000 281,000 9,000 290,000 - 
RL Scideet ee ries ate) FLO, 000 4,500 | 1,253,000 41,000 | 1,294,000 
SE) illewenicia ni? tira c coos. 5,200 500 240,000 8,600 248,600 
Smeeneenenasdsaree | || 4,400 300 105,000 2,700 107,700 
(UTNE Ee eeepc ets tae eee ae 10,000 400 112,000 3,600 115,600 
Umited States. .....+..:. 35,000 3,400 946,000 31,000 977,000 
(CLIN SIRE: Sater aie ance ieee 3,500 350 100,000 3,400 103,400 
502,950 33,540 | 9,465,000 309,900 | 9,774,900 


Se — —— ——— —  ——— ——— 
@In addition, about 40,000 bbl. of miscellaneous products were consumed by 


military air forces in 1937. 
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TaBLE 4.—World Consumption of Petroleum and Related Products for 


Military Purposes in 19374 


U.S. Barres 
ae a ae a 


Countries Motor Fuel | G48 eh Fuel Lubricants Total 
ATRENGIN A aettehroterccs 7 dice te eee 58,700 742,000 3,900 804,600 
AUIStTIAn Gg. crdds actos eee 10,700 300 11,000 
Belgtim' aeor claus cos Manica eee 83,500 2,700 86,200 
BTAZI Ls ccna We peretent hee Canine eee ee 32,900 439,000 2,200 474,100 
BritishsHimpires weston ee ee 1,637,000 | 10,526,000 81,800 | 12,244,800 
Bulgarian: sme seks ow tir rene ee 5,400 200 5,600 
Chile tise Ses et ee eee 62,000 500,000 3,400 565,400 
Chinaye cme ankc os See 75,400 400,000 3,500 478,900 
Gil oS Sy ee oto Sone cede Ai 116,000 300 116,300 
Czechoslovakia................. 26,900 800 27,700 
Denmark? #icerum. cet aeee et 25,000 120,000 1,100 146,100 
Pima nda nas eatin hes eee 5,400 116,000 500 121,900 
TACO Se seule eeenea ts eich oe 1,578,000 | 4,600,000 64,000 6,242,000 
Germany ea nlerut se cee tere 1,403,000 | 1,000,000 47,600 2,450,600 
AGTECCCH coc. ates sects ee ee eee 57,000 275,000 2,500 334,500 
Hongarysty. «.cete ee eee 10,700 300 11,000 
tally ire ccc screen orere.honse Se eee 1,559,000 | 3,465,000 60,000 5,084,000 
JRPA Se acto eco is toe Loe 1,077,000 | 6,200,000 51,800 7,328,000 
MOexiCOSs. et oes tin eee 10,700 300 11,000 
Netherlands) n° 05% ck nae 660,000 1,900 661,900 
NOTWAY Ane Sea. eee 300,000 900 300,900 
Poland 80. c tancyenat ac eee 219,000 6,600 225,600 
POTtU pants craciers tnt. eee 17,200 200,000 1,100 218,300 
Rumanian tects ae ere 345,500 10,800 356,300 
RUSSIA eres et misao aoe 1,575,000 | 1,498,000 55,000 3,128,000 
Spall cates het see 482,000 742,000 17,600 1,241,600 
PWeden seats eh ee 115,700 630,000 4,700 750,400 
PEUVECY Serre eS pea eee wee 138,900 320,000 5,300 464,200 
‘United"States sec ees ee ee 1,188,000 | 9,210,000 61,800 | 10,459,800 
UR OSIAVIN Rien tia > ne taee eae 26,900 800 27,700 
Others teres meter tiec Te ha. lan cr eae: 315,000 | 3,240,000¢ 11,400 3,566,400 


12,141,500 | 45,299,000 | 505,100 57,945,600 


“In addition, about 70,000 bbl. of miscellaneous products were consumed for 
military purposes during 1937. 

» Includes Netherlands Indies. 

¢ Includes 2,240,000 bbl. of fuel oil consumed by the armies of countries shown 
in this table and on which no segregation by countries was attempted. 
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Chapter V._ Production 


Introduction 
By James Terry Ducr,* Memper A.I.M.E. 


In order to facilitate interpretation of the data in this chapter, we 
print the following excerpts from circulars to authors, compiled by Mr. 
Frank A. Herald when he was Vice-chairman for Production of the 
Petroleum Division: 


Generally in Table 1 the unit for presentation of data isa field. For our purposes 
a field is defined as the whole of a surface area wherein productive locations are con- 
tinuous. Such unit commonly includes and surrounds nonproductive areas. Such 
unit commonly includes a great variety of geologic conditions—several units of con- 
tinuous productive reservoirs of distinctly different structure and of distinctly different 
stratigraphy. Therefore it is hoped that our authors will subdivide “‘field”’ so as to 
enable students to make analyses that may have scientific and/or commercial value. 

As to each space in the tabulation, it is either (1) not applicable, (2) the proper 
entry is not determinable, (3) the proper entry is determinable, but not determinable 
from data available to the author, (4) the proper entry is determinable by the author. 
In spaces not applicable, the author will please draw horizontal lines; in spaces where 
the proper entries are not determinable, the author will please insert z; in spaces where 
the proper entries are determinable but not determinable from data available to the 
author, the author will please insert y; in spaces where the proper entries are deter- 
minable by the author he will, of course, make such entries. Generally, y implies a 
hope that in some future year a definite figure will be available. 

Inability to determine precisely the correct entry for a particular space should not 
lead the author to insert merely y. Contributions of great value may be made by the 
author in many cases where entries are not subject to precise determination. In such 
cases the author should use his good judgment and make the best entry possible under 
the circumstances. For many spaces, the correct entries represent the opinion of the 
author (for example, ‘‘Area Proved”’) and in such cases the entries need not be 
hedged to such extent as in cases where the quantities are definite yet can be ascer- 
tained only approximately by the author. 

In cases under definite headings but where figures are only approximate, the 
author may use x. For example, if the total production of a field is known to be 
between 1,800,000 and 1,850,000, the author may report 1,8xz,xrz; or if the produc- 
tion is between 1,850,000 and 1,900,000, the author may report 1,9xz,xxz. 

Where a numeral is immediately to the left of x or y, such numeral represents the 
nearest known number in that position. 

As to quantity of gas produced from many fields the question will arise as to 
whether the figures should include merely the gas marketed or should include also 
estimates of gas used in operations and gas wasted. Although rough approximations 


* Geologist, The Texas Company, New York, N. Y.; Vice-chairman for Produc- 
tion, A.I.M.E. Petroleum Division, 1936-1937 and 1937-1938. 
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may be involved, our figures should represent as nearly as possible the total quantity 
of gas removed from the reservoir. 

While we have not provided a column for showing the thickness of the productive 
zone, generally the difference between average depth to bottoms of productive wells 
and average depth to top of productive zone will represent approximately the average 
thickness of the productive zone. For fields where this is not true because of unusually 
high dips, or for other reasons, it is suggested that the authors indicate in their texts 
the approximate average thickness of the productive zone. 

The figure representing net thickness of producing rock should correspond to 
the total of the net portions of the producing zone which actually yield oil into the 
drill hole. It is recognized that for some fields the authors can make only rough 
guesses—so rough that figures would be of no value. In such cases the authors should 
enter either x or y, whichever is more appropriate. 

We are particularly anxious to have every author give due consideration to the 
determination of structural conditions of each oil and/or gas body. Please consider 
each oil and/or gas reservoir and indicate its structure. The mere fact that a reservoir 
is on an anticline is not proof that the structural condition affecting the accumulation 
is anticlinal; for example, an oil and/or gas body limited by the upper margin of a 
lens on the limb of an anticline is ‘‘ML” as to structure. By all means, if the oil 
body occupies any position in the lens other than its upper limit, please so indicate 
clearly by footnote, for ‘‘ML” means, unless modified, that the accumulation is at 
the upper part of the lens. In every case where the oil and/or gas body terminates 
short of the up-dip continuity of the reservoir, please carefully check your evidence 
and then appropriately record your conclusion. ‘Terrace,’ “Nose”? and “Syn- 
cline” are the only terms in our legend which presume such continuity. 

Please note that the heading ‘‘ Number of Dry and/or Near-dry Holes”’ is intended 
to cover only such holes as are within the limits of the defined fields. 

In Table 2 are listed the important wildcat wells completed during the year. 
By the term “important” is meant: wells discovering new fields; wells resulting 
in the discovery of important extensions to old fields; wells discovering new zones in 
old fields; wells condemning important areas or resulting in significant stratigraphic 
information, even if the wells are dry; and exceptionally deep wells. At the foot 
of this table the total number of wells drilled in each district is given, segregated as 
to oil wells, gas wells and dry holes. The number of wells drilling on Dec. 31, 1937 
are in two divisions, designated as wildcat wells and wells in proven fields. 


Foornotes TO CoLUMN HEADINGS—TABLE 1 


2 Jn areas where both oil and gas are produced, unless gas is marketed outside the field, such areas 
are included in column headed ‘‘Oil.’’ Manufacture of casinghead gasoline and carbon black is inter- 
preted as outside marketing of gas. 

® Wells producing both oil and gas are classified as ‘‘ Producing Oil Only”’ unless gas from them is 
marketed off the lease. 

¢W, water; G, gas; A, air; AG, air-gas mixture. Numbers following letters indicate numbers of 
injection wells. 

4 Bottom-hole pressures are preceded by ‘“‘e.”’ All other figures represent pressures at casinghead 
with well closed. 

¢ P, paraffin; A, asphalt; M, mixed. 

J‘ Cam, Cambrian; Ord, Ordovician; Sil, Silurian; Dev, Devonian; Mis, Mississippian; MisL, Lower 
Mississippian; MisU, Upper Mississippian; Pen, Pennsylvanian; Per, Permian; Tri, Triassic; Jur, 
Jurassic; CreL, Lower Cretaceous; CreU, Upper Cretaceous; Eoc, Eocene; Olig, Oligocene; Mio, 
Miocene; Pli, Pliocene. 

2S, sandstone; SH, sandstone, shaly; Ss, soft sand; H, shale; L, limestone; LS, limestone, sandy; 
C, chalk; A, anhydrite; D, dolomite; Da, arkosic dolomite; GW, granite wash; P, serpentine; O, oolite; 
Slt, siltstone. 

» Figures are entered only for fields where the reservoir rock is of pore type. Figures represent ratio 
of pore space to total volume of net reservoir rock expressed in per cent. ‘‘Por” indicates that the 
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reservoir rock is of pore type but said ratio is not known by the author. ‘ Cay” 
reservoir rock is of cavernous type; ‘‘ Fis,”’ fissure type. 

* A, anticline; AF, anticline with faulting as important feature; Af, anticline with faulting as minor 
feature; AM, accumulation due to both anticlinal and monoclinal structure; H, strata are horizontal or 
near horizontal; MF, monocline-fault; MU, monocline-unconformity; ML, monocline-lens; MC, mono- 
cline with accumulation due to change in character of stratum; MI, monocline with accumulation 
against igneous barrier; MUP, monocline with accumulation due to sealing at outcrop by asphalt; D, 
dome; Ds, salt dome; T, terrace; TF, terrace with faulting as important feature; N, nose; S, syncline. 

7 Information will be found in text as indicated by symbols; A, name of author, other than above, 
who has compiled the data on the particular field; C, chemical treatment of wells; G, gas-oil ratios; 
P, proration; U, unit operation; R, references; W, water; O, other information. 


indicates that the 


Oil and Gas Development in South Arkansas in 1937 


By H. K. Sumarer,* Memper, anp W. B. Weexs,{ Associate Memser A.I.M.E. 
(New York Meeting, February, 1938) 


Tue year 1937 brought to south Arkansas increased drilling activity 
and production. Oil production amounted to 12,159,440 bbl., an increase 
of 1,504,500 bbl., or 14.1 per cent over 1936. This was the largest pro- 
duction since 1931, and the first annual increase since 1925, when the 
deeper sands at Smackover were developed. 

There were 177 wells completed during the year, with 103 oil wells, 6 
gas wells, and 68 dry holes, an increase of more than 100 per cent over 
1936. Of the 56 wildcat wells drilled, 52 were dry and 4 produced oil. 
Two new fields, one important extension and three minor extensions were 
discovered. The trend toward deeper drilling is shown by the fact that 
97 wells were more than 5000 ft. deep, including 80 over 6000 ft. and 13 
over 7000 ft., although the depth record of 7973 ft., made in 1935, was 
not exceeded. 


GEOLOGICAL SECTION 


Deeper and more extensive drilling during the past few years, not 
only in south Arkansas but also in adjacent parts of north Louisiana and 
east Texas, has furnished much important geological information and has 
brought out some very unexpected facts in regard to structural and 
depositional conditions in the series of formations laid down in the interval 
between the end of the Pennsylvanian and early Cretaceous time. It is 
now evident that an important basin of salt deposition existed in the 
Arkansas-Louisiana-Texas area, but it is still an open question whether 
this salt basin was contemporaneous and continuous with the even larger 
Gulf Coast salt basin extending from Mississippi to Mexico. 

The accompanying columnar section (Fig. 1) shows the producing 
zones and names that have been applied to the several subsurface forma- 
tions, most of which have no outcrop equivalents. This is for the conven- 
ience of readers unfamiliar with recent developments, but the correlations 
and nomenclature cannot yet be considered final. These formations will 
be discussed in more detail in various papers to be published in the 
near future. 


Summary presented at the meeting; manuscript received at the office of the 
Institute April 8, 1938. 
* Geologist, The Hunter Company, Inc., Shreveport, La. 
} Geologist, Phillips Petroleum Company, El Dorado, Ark. 
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Fic. 1.—SussurFrace stRATA IN SourH ARKANSAS, SHOWING RELATIVE POSITIONS OF 
PRODUCING HORIZONS IN NEW FIELDS IN 1937. 
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The Eagle Mills formation, named from wells drilled near the village 
of Eagle Mills, Calhoun County, consists chiefly of red shale and sand, 
overlying Pennsylvanian and Mississippian formations, underlying and 
evidently in part contemporaneous with the mass of rock salt. The age 
of the salt and associated red beds is still unknown, but they seem to be 
more closely associated with overlying than with underlying formations. 

The thick limestone bed above the salt is now called the Smackover 
limestone, with the Reynolds oolitic zone at the top. The age is believed 
to be early Mesozoic, possibly Jurassic, as the few fossils found are 
reported not to be Paleozoic in type. 


TABLE 1.—Oizl and Gas Production in South Arkansas in 1937 


Total Oil 
Area Proved, Acres Production, 
Bbl. 
Age, 
Years 
Z to 
Field, County End 
03 
1937 i é 
< Oil = Gas‘! Total | To End of | During 
5 pare 1937 1936 
4 
2 
4 
1), Bradley Lasayette--o. eas a ee ene eee oe 13 80 0; 0 80 186,705 0 
Zi Buckner, Columbia. 1)... cee see eee Rote: oe 408 0) 0 40 21,490 0 
3:| Camden, mOnachita: sei moran aust Ries ote 3 10 0/ 0 10 35,920 8,025 
4 | Champagnolle, Union......6..00sccecscccsvececuecs ll 2,000 z| 2 2,000 | 13,159,320 979,525 
5 | East El Dorado,! Union............0.e.eceencecedes 16 1,420 212 1,420 8,976,265 188,830 
6: | EL Dorado. itontesc.. sb. his hees ooo eee 18 8,000 2} 2 8,000 | 46,476,980 582,835 
| Garland: City: Millers 50,5 co speee nee tiene ate 6 300 0; 0 300 1,606,015 325,045 
SIN ON ANA, ease. emia ahs cm cetacran aace eee. 17 Eo ee 3 900 6,206,425 307,770 
0: Lishon;, Unton xox Starscream Shoes 12 2,700 2) oe 2,700 6,439,465 105,985 
10)), Mount: Holly, Ouachtia. ac ehccs sen oct eanedenac me 9 0; 0 60 117,085 0 
1} Rodesaa; Meller: 2- = wart oe. oF rotea ice: bao ee 14 | 2,0008 z|oa 2,000 1,235,045 0 
12): Sobaler, Unions cesses wi ance ieee eet Re ee aa 34 | 1,000 fii -2 1,000 1,208,420 0 
13 | Smackover, Ouachita, Union........................ 16 5,600 | 160 | 2x | 25,760 | 365,701,920) 7,252,095 
14 Heavy oil: aren. cio soe seme eck 16 16,000 z| 2 | 16,000 | 313,067,650) 6,404,000 
15 Light roll aren stinGAn swutinaidastuasethee sheen 16 9,600 ex 9,600 | 52,538,470 794,095 
16 Siow Hill areds sia arene cme Monee ae te 2 0 | 160] 0 160 95,900 54,000 
17 | Stephens, Columbia, Nevada, Ouachita................ 16 8,000 2) 2 3,000 5,961,400 214,005 
LB. LEOVs WV OPAGa es ehcdes ek tm ne aan ie ee 2 250 40 | « 290 285,560 15,770 
AD Urbanas, Urton. tam dnerpekitee matt rete ree 8 500 Ci) 2 500 4,105,730 675,055 
20 CP ObL i Re ste so Sea Nerat SING Pe eee me x 48,060 | 461,723,745) 10,654,940 


® Footnotes to column heads and explanation of symbols are given on page 313. 
1 Including other small producing areas. 

2 Includes the one Glen Rose pesvon. in sec, 24, T. 15 S., R. 26 W. 

3 ok gt the Buckner and Schuler fields are still undefined. Rodessa is partly defined, and no large extensions are 
expec’ ere. 
‘Champagnolle, East El Dorado, El Dorado, Irma, Lisbon and Smackover roduced large joao of gas in earlier 


youn, some of which was used commercially. Stephens produced some gas from the Nacatoch and Urbana from the 2700-ft. 
sand. 
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Beds above the limestone, characterized by anhydrite but containing 
also shale and dolomitic limestone, are called the Buckner formation, from 
the Buckner oil field. 

The formation underlying the basal gravel of the Travis Peak and 
overlying the Buckner formation or older beds (where the Buckner is 
absent) is locally termed the Schuler formation, or Schuler facies of the 
Cotton Valley formation. It includes the Morgan sands zone, near the 
top, and the Jones sand, at its base, in the Schuler pool in Union County. 
This formation apparently corresponds in age and stratigraphic position 
with the marine beds named the Cotton Valley formation in Louisiana, 
but is lithologically distinct, since it consists dominantly of varicolored 
shale, sand and siltstone of nonmarine type. The age remains undeter- 
mined, except that it is evidently older than any of the Comanche Cre- 
taceous as known in surface exposures in Arkansas and Texas. 


TABLE 1.—(Continued) 


Total Gas a Pro- 
: Produc- uction 
Total Oil Pro- F . Depth, Average Pressure, Lb. 
duction, Bbl. oT ae Number of Oil and/or Gas Wells in Feet ee per Sq. In.¢ 
Cu. Ft. 1937 
Dur- i Aver- 
ing At End of 1937 pane agoat 
1937 e © End of 
During | © Tnitial 
tos eo. or = 5 
aad 53 “3 = 33 Z| ee bo 5, S. ego Slee we 
g e 5 = |/So/ 8] ais AS) so) e38 “S| 2S o 80 1937 
two |v. wo) 20) 213 BAl-sa SOlrsO S| 85.| a3 sila) es fe 
A wesl|eS| 2 | Se 2 S/ee/ so eelealas|seeloeste| & 
3 g58|o8| 3 | BS| 2) 8|8o| Ba SESS Sel SES CFS |S] 8 lg 
RS | A ea Ae as epi — We Sg eed a | & lo 
1 0 0} o| oO 0| of of o| o| o 0] 2,790] 2,785] 0| 0} o y 0 
2/ 21,490) 693] 0 | O tl eet eOl. Ole 10: F206 i 7,258 7,195 i 0 0| €8,200 3,200 
0 fl Ol OO} Al One 0 369] 1, y y 
3 3,395] 10) 0 ie a0 eae 
548,590] 1,285] «| 2x | 225] 0] o| 5] 79! O| 5&1 84|to 3.350|to 3,34 9 y y 
5 159,690 415} «| 0] 187) 0} 2| 7 59] 0| Oo} 49] 2180 2,170 o| 59] 0 y y 
6| 564,945] 1,470] «| 0/1,115} 3! 3} 10] 224 0] 0] 224) 2,177 1 2,860 0) 224] 0 y y 
2,935] ( 2,925 
7| 175,690] 355] 0] O} 28) 1) 1) 2} 21) 0] oj 21 { re | 4'200| 9| 21) 0 y y 
255| 720 0} 148] 6] 3] 18! 63} 0] 0O| 63] 1,179} 1,150] 0] 63] o y y 
3 aaaie 330 z{ o| 356, of o| 9] 1411 0| 0| 141) 2'120/ 2'100| of 141] 0 y y 
10 “G Cusco ea 6| 0| Oo} o| oO] oj o 0| 2/813) 2,800] 0 0} 0 y 0 
11| 1,235,045] 9,645] «| «| 59/59] 0| oO] 55 4] 0| 59] 6,100) - 6050/59] 0} 0 y y 
5,884] ( 5,600 
, , 3,450] €3,450 
12| 1,208,420] 10,250] 8005} 800 | 22] 22) 0} | 21) 1] 0] 22 1 7,610 1 7,528 19} 2] 1) 63544] 03'544 
3,732| 1] 27| 128/ 1,740 0 | 11 |1,751) "| 0} 1,740 
13 | 6,913,380] 18,430} «| =z 2025 (a Wea 
0] 19} 94] 1,205] 0 | 11 | 1,216] 4 2,475) 2 2, : y y 
14| 6;101,935] 16,305} «| « y ze 200 
2,025] § 2, 
15| 769,545} 2,025] «| « y| 0| 6| 32] 533) 0] O| 533 { 5300 { 2'275| | 533) 0 y y 
16| 41,900} 100/ y| y 6) t] 2] 2) 2] of o 2 4,900 4,800 0} =} o y y 
'17| 209,515] 560/ zx] 0] 304 1/ 0] 10) 189} 0] o| 189 2110 { 2'100| 0} 189] 0 y y 
1,250] § 1,243 
18| 269,790] 1,145, y | y| 16/11) 0} 3) 11] 0] 2] 18/4 9%t¢7 | Bito 0} 11) 0 y y 
2,280) { 2,2 
19| 475,420 12001 «| o| 45] 4] o| 4} 32) 0] o| 32 | 3560 1 3580 0| 32] 0 y 
20 |12,159,440| 46,458) 2 | 2 | 6,251/109| 36] 196/2,637| 5 | 18 | 2,660 79| 2,562) 1 


5 Gas from the one Smackover lime well at Schuler is piped to El Dorado for use in the Lion Oil Refining Company’s 


i iti for drilling operations. : : 
ee ee oe Tall walls ae ieadtot pumping operations in the Smackover field, but is already nearly exhausted. 
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For the upper part of the ‘lower Trinity red beds”’ the name “Travis 
Peak”’ is retained because of common usage, although the correlation 
with the type Travis Peak of Texas is very doubtful. 

The Glen Rose formation (or subgroup) of the Trinity group is best 
known and most productive in Louisiana, and is a definable unit, but 
possibly includes more than the age equivalent of the type Glen Rose. At 
the top are the Paluxy red beds, grading southward and downward into 
marine limestones, and in the middle is the well-known anhydrite member. 
Below the anhydrite and down to the James limestone is what may be 
called the Rodessa member, with various producing lenses or tongues. 
Below the James limestone is a bed of black shale, which thickens south- 
ward and is in turn underlain by beds of oolitic limestone, which produce 
oil in the Pine Island, Sligo and Lisbon pools and gas at various other 
localities. Both shale and limestone are included in the Pine Island 


TaBLE 1.—(Continued) 


Character of Oil 
, , Deepest Zone Tested 
ge Se Producing Rock to End of 1937 
Gravity 
A.P.L. at ° 
60° F, 3a 
a8 
3 me 
g gm Ses Name 
a 6.8 uae 
g| 8 « |Sgl Bb [PES se 
3) a| ae8| 28 |. 4 | & 28 2 |gs= 
2|3| 2/82) Zs |} § | E lee 2 lecz 3s 
2) RES) ae |e el a 
1] 28) 25) 27) y M | Buckrange N) 5| T? 5 | Pal 
2 32) y P | Smackover Is. (0) 85) Af? 0 Reumehater ls. oe 
3 17] y |A acatoe 8 13 5 | Travis Peak 2/500 
OK1O 
4| a8] 1s] 361 1.1 || { Tents Peak 8 15) NL | 137 | Rock salt 6,911 
5 | 21) 17; 20) 1.8 | A | Nacatoch iS} 10) TL 41 | Schuler 6,003 
6 | 39} 30} 32) 1.0 | M| Nacatoch 20) ANL | 157 | Travis Peak 3,396 
7 | 33] 27) 30] 1.2 | m| { Paluxy 
Rodessa member 10} ML | 36 | Smackover Is. 7,310 
8 | 16] 14] 14] 2.7] A | Nacatoo 15) AF | 27 | Travis Peak 3,735 
9 | 38} 28] 35] 1.0 | M| Nacatoch 20/ ML | 18 | Travis Peak 3,509 
10 | 32] 28 30 y |M| Travis Peak 7| ML | 14 | Travis Peak 3,378 
42 hy 
11 | 65 65 9.1 | P| Rodessa member 25) AF | 1 |L.GlenRose | 6,514 
12 | 66) 32/< 32) 1.3 Pp {sue \60 
18 64| 0.08 Smackover ls. 50| A ¢ - Smackover Is. 7,950 
14 | 25 A { Tacatoch, Graves, 
Tokio 40| AS z | Rock salt 7,255 


15 | 32 M| { Nacatoch, 
Meakin 30] TLf z | Paleozoic Igneous | 7,973 
16 | 52 4 mackover ls. 30) AF 3 | Rock salt 5,708 
17 | 33 
M NLF | 47 | Schuler 4,502 
18 | 21 A 
F 3 | Rock salt 6,148 
19 | 20 A 
mn A 36 | Travis Peak 4,501 


1 Four wells dry in Morgan zone, all will probably be deepened. 
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member, so named because production was first obtained from the Dixie 
and Dillon zones on the Pine Island structure. 

Wells drilled in Arkansas during 1937 penetrated various formations 
down to the Paleozoic. Several wells drilled in Nevada, Hempstead and 
Ouachita counties, north of the south Arkansas graben system, penetrated 
the gravel beds that heretofore were believed to mark the top of the 
Paleozoic. Evidence from these wells indicates that the gravel is basal 
Travis Peak, lying unconformably on the Schuler (Cotton Valley) forma- 
tion or earlier beds. 

Thirteen wells in six counties were drilled into the Smackover lime- 
stone, and one penetrated into the underlying salt. Two other deep 
tests were lost in the Buckner anhydrite just before testing the top of the 
limestone. It is expected that continued deep drilling during 1938 will 
furnish more important geologic information. 


New FIeups 


Schuler—On April 6, 1937, the Lion Oil Refining Co. and Phillips 
Petroleum Company’s No. A-1 Morgan, sec. 18, T. 18 S., R. 17 W., in 


TaBLE 2.—Summary of Drilling Operations in Arkansas, 1937 


Important Wildcats Drilled in 1937 


Location 
pee eee eee |S otal 
County Pa Neader ee Deepest Horizon Tested 
Sec. | Twp. | Ree 

MWA Shleymert na ctaceter ce oath aisles steiviose tierce 18 | 178 | 9W] 5611 | Claiborne | Smackover ls. 

OORT an pesenngo daar eesnd eee anode 34 | 118 ]}13W| 3505 | Claiborne | Eagle Mills’ 

GING ss csodene bon ode cone aS Onn eaonD 14 | 108 |20W] 2770 | Wilcox Pennsylvanian 

AWN Olav clade serywhan eae tiats ss c's rewie: 36 | 10S |11W|] 3958 | Jackson Pennsylvanian 

Bl iClevelandenenee inten. gactekce cree tes 22 98 |10W| 3819 | Jackson Pennsylvanian 

nin ee isn ocennee sane netae Honma aae 8 | 168 |22W] 7309 | Claiborne | Smackover ls. 

LOR Re eae atch Novaceleia erie ajehass 24 | 178 |19W| 7561 | Claiborne | Buckner 

; een Sek Game Oat EO oeer 21 | 148 |25W)} 4510 | Wilcox Glen Rose-Rodessa member 

QimEeMPstead oc tenis\- 6 oe cic:e0 Fae oseieie cls ialeiei0 24 | 148 | 24W| 4507 | Wilcox Schuler? 
CO belempspeadmeeny secre cs ree Series = wie 16 | 138 |23W} 4515 | Wilcox Eagle Mills? 
MPEG Ware taster ste eis oa wel cies: cel ocereial aps 28 | 118 |27W] 2936 | Marlbrook | Pennsylvanian 
Piliisatavattonseccn tes ajc curls e sieve)- steers ie oles 36 | 19S |26W] 6219 | Claiborne | Glen Rose-Rodessa member 
TR) ING isc cde cnc Secrc epooaeenOsU Ga. 24 | 158 |26W| 4215 | Wilcox Glen Rose-Rodessa member 
RL Mi Mersere rye terse ster si ater he hava) cooler Sonra 24 | 15S |26W| 7305 | Wilcox Smackover ls. 
ABE Millen: sseeemeetstetese sy sisieln <inrelat=<e baie cere 11 | 208 |28W] 6103 | Claiborne | Glen Rose-Rodessa member 
MG) | Maller ssemease ctl uer ities in) -1c aears 11 | 20S |27W] 6250 | Claiborne | Glen Rose-Rodessa member 
10/ |\Stegulwe oo osbabead noo opeCbsansua saat 9 | 148 |20W}] 5394 | Wilcox Smackover ls. 
ABHONE Vad a aacretise rc cieincisleiets lo rie siete isiee 10 | 14S |20W]| 6143 | Wilcox Rock salt 
19 15 W| 5350 | Claiborne | Smackover ls. 
20 18 W| 4500 | Claiborne | Eagle Mills? 
21 14 W| 5329 | Claiborne | Buckner 
22 17 W| 5559 | Claiborne Schuler-Morgan zone 
93 7688 | Claiborne | Smackover ls. 
24 7W1| 7616 | Claiborne | Schuler-Jones sand 


Claiborne | Smackover ls. 
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western Union County was completed for 300 bbl. per day of 43° gravity 
oil from a depth of 5559 ft. Subsequent wells proved up a zone 250 ft. 
thick, containing three series of lenticular sands, altogether known as the 
Morgan sands zone. Fifteen producing wells were completed in this 
zone, of which three were drilled deeper and recompleted during the 
year. This zone is near the top of the Schuler formation, and is the first 
production from that formation in Arkansas. The field was named for 
the old settlement of Schuler in sec. 7, T. 18 S8., R. 17 W. 

KE. M. Jones et al. completed the No. 1 Marine Oil Co. well on Sept. 17, 
through casing perforations at 7554 to 7571 ft., in a sand 60 ft. thick at 
the base of the Schuler formation, immediately overlying the Smackover 
limestone, this well having been drilled through the sand to a total depth 
of 7616 ft. Initial production was 2500 bbl. per day of 32° gravity oil. 


TaBLE 2.—(Continued) 
Fe See MeCN Cs 
Important Wildcats Drilled in 1937 


Initial Production 
per Day eT Bottoms 
; —————— Bean hole 
Drilled by 3 Fractions| Pressure, Remarks 
LSS ions Sq. In. 
Bol. | Cu. Fe. | 78 
1} Phillips Petr. Co. Dry 
2| Hayner, Reeves & Hose Dry 
3 | Coker Oil Corp. Dry 
4| J. R. Lockhart Dry 
5 | Texas Canadian Dev. Co. Dry 
6 | Standard Oil Co. of La. 2184 213 3200 Pn back to 7258. Discovery well, Buckner 
ie 
7 | Tidewater-Seaboard Dry (junked) 
8 | E. H. Moore, Inc. Dry 
9 | Root Pet. Co. Dry 
10 | Root Pet. Co. Dry 
11 | Boetcher Oil Co. Dry 
12 | Carl B. King Dry 
13 | C. V. Lenz 50 Pumping Discovery well, Garland City extension, and first 
Glen Rose producer in Arkansas 
14| E. H. Moore, Inc. Dry 
15 McClanahan et al. 780 ? 2400 | Discovery well, Rodessa extension in Arkansas 
16 | F. W. Burford Dry. Limits Rodessa field on northeast 
17 | Benedum & Trees Dry 
Discovery well, Troy field, in 
18 | Benedum & Trees Dry at 6143 ft.< Deepened, then plugged back 
and recompleted in original 
san 
19 | Lion Oil Ref. Co. Dry. Limits Snow Hill fiel 
VY. D. Wingfield et al. Dry (junked) 
22 | Lion Oil Ref. Co. 1455 5 \% Discovery well, Schuler field 
23 | Lion Oil Ref. Co. 600 40 lo 3544 | Discovery well, Smackover lime at Schuler 
24 | E. M. Jones et al. 2387 3450 Plugged back to 7571. Discovery well, Jones 
sand at Schuler 


25 | E. M. Jones et al. 1189 Deepest test at Schuler. Completed in Jones sand 
= eee eee 


In Proven Fields | Wildcats 


Number of gas wells completed during: 1087 56.t4 idee Was ees 6 0 
Number of holes completed during 1937.............0 0001" 16 52 


ae oe ee 
SS — 
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Nine wells were completed in this Jones sand by the end of the year. The 
initial bottom-hole pressure was 3450 lb. 

The Lion Oil Refining Co. and Phillips Petroleum Co. deepened the 
Morgan zone discovery well and recompleted it on Oct. 6, producing 
600 bbl. of 66° gravity distillate and 40,000,000 cu. ft. of gas per day from 
a depth of 7688 ft., or 90 ft. in the Smackover limestone. No other wells 
had been completed in this Reynolds oolitic zone at the end of the year. 
The initial bottom-hole pressure was around 3550 lb. 

Before the Jones sand discovery, four wells to the north, west and 
southwest of production were abandoned as dry after testing the Morgan 
zone, but it is probable that all of these will be deepened. 

The proven producing area of the Jones sand at the end of 1937 was 
over 1000 acres, but only a part of the southeast flank of the structure 
has been explored, and the total area is sure to be much larger. Without 
making a premature estimate, it is safe to state that Schuler is an impor- 
tant oil field, and will rank second only to Smackover among Arkansas 
fields in ultimate production. 

Buckner—Completion of the No. 1 McKean well, Standard Oil Com- 
pany of Louisiana, in sec. 8, T. 16 8., R. 22 W., Columbia County, on 
Nov. 30, opened the second new oil field of the year. The Smackover 
limestone was penetrated from 7190 to 7309 ft., but carried salt water 
below 7280 ft. The well was plugged back to 7258 ft. for completion, 
and flowed 91 bbl. per hour through 214-in. tubing. The well did not 
flow steadily until after acid treatment, but the sluggishness was evi- 
dently due to low gas ratio and low permeability of the lime, rather 
than subnormal pressure, as bottom-hole pressure is 3200 lb. With only 
one well completed, nothing can be said as to structural conditions, area 
and oil reserve. 


EXTENSIONS AND DEVELOPMENTS 


Rodessa.—W. L. McClanahan et al. No. A-1 Capps Brothers, sec. 11, 
T. 20 S., R. 28 W., Miller County, was completed on June 13, flowing 
780 bbl. per day of 42° gravity oil through 5g-in. choke from a depth of 
6103 ft., proving an extension of the Rodessa field: from Louisiana into 
Arkansas. By the end of the year, 59 producing wells had been com- 
pleted, with potentials ranging from 50 to 2400 bbl. per day. Some of the 
wells had high gas ratios, but only four were rated as primarily gas wells. 
A dry hole completed in 1936 is very close to the northwest edge of the 
field, and the only dry hole drilled in the area in 1937 was a wildcat several 
miles northeast of production. 

Oil and gas production is from the Gloyd porous limestone and asso- 
ciated Mitchell sand lens in the lower Glen Rose, the important Dees and 
Young producing zones of Louisiana having dipped below salt-water level 
in Arkansas. Most of the wells have been completed after acid treatment. 

Miller County —The C. V. Lenz No. 7 Dale, sec. 24, T. 15.8:;, R. 26 W.; 
was officially completed in January 1937, pumping 50 bbl. per day from 
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4215 ft., as the first Glen Rose producer in Arkansas. Three deeper offset 
tests in the same section were drilled in 1937. All were dry, and one 
of the three was drilled into the Smackover limestone at a total depth of 
7310 ft. For statistical purposes the Lenz (later E. H. Moore, Inc.) well 
is included with the Garland City field, although it is actually a separate 
and deeper pool. 

Troy.—The Troy field of Nevada County, discovered late in 1936, was 
developed and extended slowly. Eleven producers were completed, 
including seven Tokio sand oil wells, three Nacatoch sand oil wells, and 
one Nacatoch sand gas well. There were also three deep dry holes, one 
abandoned in the Schuler formation at 4335 ft., one in the Smackover 
limestone at 5394 ft., and one in rock salt at 6143 ft., the latter being the 
only well drilled into the salt in Arkansas during the year. 

Urbana.—Two small pumping wells in the Nacatoch sand at 2180 ft, 
in sec. 15, T. 18 8., R. 13 W., opened a southern extension to the Urbana 
field in Union County. There were also two oil wells completed in the 
3500-ft. Travis Peak sand in the older part of the field. 

Other Fields—There was very little drilling in old fields during the 
year. El Dorado, Union County, had three Nacatoch sand pumpers; 
Stephens, Ouachita County, had one small pumper from the Buckrange; 
and Irma, Nevada County, had six Nacatoch sand completions. At 
Snow Hill, a small gas well was completed in the Reynolds zone of the 
Smackover limestone, and a dry hole helped to limit the field. Produc- 
tion there declined rapidly, until at the end of 1937 only two oil wells were 
pumping, and the gas production was negligible. 


PRORATION 


Proration was not in effect in Arkansas in 1937, but an order applying 
to the Rodessa and Schuler fields was issued effective Jan. 1, 1938. The 
major companies will probably accept any reasonable regulation without 
protest, but the general effectiveness remains to be seen, as the Arkansas 
laws in regard to proration are still untested in the courts. 


PROSPECTS FOR 1938 


With the Buckner and Schuler fields to be developed, and the expected 
search for other similar fields in wildcat territory, there should be a con- 
siderable increase in drilling in 1938. Operations in the Rodessa exten- 
sion had declined at the end of 1937, as the producing area was practically 
defined, and well spacing was already too close for economy in the best 
part of the area. 

Columbia, Lafayette and Union Counties should have the most exten- 
sive testing. Practically all wells started will have the Schuler formation 


and Smackover limestone as objectives, so wells more than 7000 ft. deep 
will be common. 


Sato a ail 


Developments in the California Oil Industry 
during the Year 1937 


By V. H. WitHetm,* Memper A.I.M.E. 
(New York Meeting, February, 1938) 


Tue trend initiated in January 1936, of stabilized gasoline prices, 
increased demand and extraordinary drilling activity, continued in 
California during the year 1937. Crude prices were maintained during 
the year at the highest level since September 1930. Wildcat activity 
with resultant new discoveries and development of proven acreage were 
greater than in any year since 1928. Many fields in California in former 
years have been produced at full capacity, with consequent loss of 
reservoir energy, but at the present time continued activity is maintained 
to develop adequate reserves, so that production in these fields can be 
taken at a rate to correspond with good operating practice. Naturally, 
this good operating practice will be influenced to some degree by gas 
outlets and, in certain instances perhaps, by oil outlets. In any event, 
these last two controlling features will result in favorable rather than 
detrimental operation. In fields producing from great depths, ultimate 
production will be practically limited to the flowing and compressor life of 
the well, since there is as yet no economical method for pumping wells 
below depths of approximately 7000 ft. Experience has shown, however, 
that such pumping difficulties will be overcome and that production 
secured by pumping will add some to reserves established on the flowing 
life of the wells. 

California continued to operate under voluntary curtailment, but 
with unlimited transfers of allowable between various fields. Even 
though there was at all times considerable production above the Umpire’s 
established quota, a constantly increasing demand reduced storage 
during the year. This increasing demand was due mainly to the rapid 
rise in Pacific foreign shipments from May to September. It is question- 
able, however, whether this favorable condition will be maintained over 
a prolonged period. (See Fig. 1.) 


FirLtp DISCOVERIES 


The great drilling activity during the year resulted in the discovery 
of three new fields in the San Joaquin Valley, as well as many extensions 


Manuscript received at the office of the Institute Jan. 15, 1938; Tables 1 and 2 
received March 1, 1938. 
* Chief Petroleum Engineer, The Texas Company (California), Los Angeles, Calif. 
325 


The discovery of 


the three new fields is credited to geophysical prospecting and probably 


represents the culmination of several years’ work. About 30 geophysical 
Withdrawals from 
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of proven fields and the discovery of deeper production. 
parties were maintained in California during the year. 
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west of the Greeley field. The discovery well produced at the rate of 
1400 bbl. per day of 39.6° gravity oil, through an 84-in. bean, with 1950 
lb. tubing pressure and 2000 lb. casing pressure. Gas was produced at 
the rate of 625 M cu. ft. perday. The well is 11,302 ft. deep and produces 
from the Vedder sand in the Lower Miocene. It is the deepest producing 
well in the State of California and inaugurates an era of deep drilling 
which will undoubtedly make 12,000-ft. holes a relatively common 
practice. Furthermore, this deep drilling opens possibilities of securing 
deeper production in many of the old fields in the center of this great basin. 

The Ohio Oil Co. discovered what is generally considered to be a new 
field with the completion of its K.C.L.-E-3 well. This was drilled to a 
depth of 8175 ft. and had an initial production of 2267 bbl. per day, 
36.9 gravity and 1700 M cu. ft. of gas. The gravity of the oil and forma- 
tions penetrated are similar to those of the Ten Section field, but the 
location is 2 miles northwest of the proven area. It is quite possible that 
this discovery is the result of a fault accumulation on the northwest 
plunge of the Ten Section field, rather than an indication of a separate 
and distinct structure. 

In the Arvin district, 14 miles southeast of Bakersfield, the General 
Petroleum Corporation made tests in its Houchin No. 1 well, which 
indicated the discovery of another field similar in character to the Moun- 
tain View field. 

Extensions of Fields.—Careful and conservative development of the 
Ten Section field, discovered in 1936 by the Shell Oil Co., extended the 
proven area of this field to approximately 1200 acres. Owing to great 
curtailment, the thickness of productive sands and the selection of zones 
of low gas-oil ratio, the field is expected to have a long flowing life, in spite 
of the fact that porosity of the sandsislow. The structure is a symmetri- 
cal anticline with major faulting across the axis. This faulting, however, 
does not interfere with production. 


Kettleman Hills Eocene Production 


Although production from the Temblor sands in the Kettleman North 
Dome did not reach the expectations of early estimates, reserves of this 
field will be greatly augmented by the discovery of Eocene production 
during 1937. Kettleman North Dome Association’s No. 4-18 J well, a 
deep test on the northeast edge of the field, produced 1172 bbl. of 45.7° 
gravity oil through a 50¢4-in. bean with 20,467 M cu. ft. gas. The well 
was subsequently deepened to 11,679 it., showing another sand section 
with slight showing of oil, which probably will be productive higher on 
the structure. ‘The edge discovery indicates that at least 5000 acres on 
the northwest plunge of Kettleman Hills field will be productive in the 
Avenal sand (Eocene). 
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TABLE 1.—Oil and Gas Production in California in 1937 


Area Proved, Acres 


J 
Age, ; 
Field, County Ra 
of 1937 Oil 
3 Oil and Gas 
Gas* 
| 
= 
Zz 
2 
pe ae 
Los Angeles Basin 
1 Alamitos; 008: A ngetéa.< epcrspeon na cone cise ete a es aeeeee tee 1034 110 
2 Athens-Roseorana, Los Angeles... 7. 292 neo. seine caeee cee eee aes 1334 285 
3 Brés-Olinda, Orange’: 4. smaact, ei ee Reet Ree eee Eee 57 1,259 
4 Coyote: Bast,\Orangé.ftias 7 ose oe ee Stee ee ee 2634 682 
5 Coycte West, Oratge tcc. vs.con oo cetera oe, pe ee ee 32 870 
6 Domingties, Los Angéles oa. tide eo ee ee ee ee ee 14144 810 
a i Segundo, bos Angeles’. stick... actos Gey eatin ee eae cee ee 2% 900 
8 Huntington :Beach; ' Orangé:n .ccaes seen eee eee ie eee 17144 1,890 
9 Inglewood; Los Angeles: oo 30g oos aoe. te ee ee 13% 860 
10 Lawndale; Los Angeles. > 3.15. ein: nc or cei, RRO oe eke ee eee 916 15 
11 Long Beach; Jos iA ngeles’s. | unten coe a eee cone eee 164% 1,350 
12 Les, Angeles; Tos: Angeles: aes a tn. J20d Seebeck On Aue cee 3434 840 
13 Montebello, Los. Angeles: s.):cch oe ec cn tie eee eae 1,180 
14 Playa deli Rey, Los: Angeles sa: aqessv ot wun clase: eet ee ee ae 8 
15 Potrero, Lor:Angeles.siticcand. aleve ee Kale ei eee 10% 88 
16 Richfield: Orange. cc caeenk canon cor, Soe eee ae ee 1856 1,288 
17 Santa Fe'Springs, Los Angeless. a.) sac cet ee eee en a 1816 1,240 
18 Seal Beach; Loe Angeles sais-cc settee once ae oe eee 1114 400 
19 Torrance; ‘Log Angeles Ao. a.csiae Sea me hans calcitic neat cae Ee 1514 3,750: 
20 Whittier; 2ios. Angelen. = 2 Ai. gatet ta stare areata ee ne eee 3524 590 
21 Wilmington, Los Angeles ies. gic-gsne sae ae ee ee ee 116 2,100 
Coastal District 
22 Capitan) SaniaBarbara: 4: shaw eeeesna sane. ee See ee 84 360 
23 Blwood, ‘Sania Barbara: <3 065 sot a, woe Gonads oak eC ke 914 497 
24 Gato: Ridge, ‘Santa Barbara. 5 i-0b% Ss. ee ee ce 516 600 
25 Padre Canyons entura.to: sco Flea Bacon eens eee se ee 134 100 
26 Moore Ranch, Sarita Barharas.c 7c. mere ont Gv pee Sane 8 400 
27 Rincon, «Ventures conc als ace cite elas cok wae ene ee CL 1014 390 
28 San. Miguelito,: Ventura: Sc: a. hoeeeeettata laine Rare ie ree eee ae 714 310 
29 atita Barbara, Santa Barbara i..\csw oe eis wis haan ea te eases 834 80 
30 | Santa Maria, Santa Barbara and San Luis Obispo 
31 Santa Maria Valley, San Luis Obispo... ..........c.ceccececcccecccces 134 6,000 
32 Casmoalia; Santa’ Barbara ois nces Gece on ape Sra ee ees eee ke 2016 850 
33 Cat Canyon) Hast, Santa Barbara. «ccc <s eos oan eee DE 2614 . 
1,177 
34 Cat Canyon West, Santa Barbara... .......:.0ccccccescecccescecevecs 2614 
35 Arroya Grande, San [te Obtaposes, ccc. snacaeecese che. eee 27 150 
36 Huasna, San Tats Obtazios ec o.cke sen case vnc Pee nee ee ee Cen ie 8 60 
37 Lompoc, Sania: Barbara: ar trie ae Oe An 33 2,940 ' 
38 Oroutt; Santa Barbaras se cade cee en cee ae ee: 35 4,390 | 
39 Summerland, Santa Barbaraseon in on wee eens ae ea Pee. eck eee 45 160 
40 Vantin Ave. \Vienturaat 1.0: ween) au tiene saaD See are ak as, 21 2,120 | 
41 Ventura-NewHall, Ventura and Los Angeles............................ 
42 Bardsdale, Ventura, a5: cohen nde ln Oe tae a ey ee 43 510 
43 Oonbjo-Oxnard,. Ventura: * 3.6 aac anniv ene eek sone ee ee 43 110 | 
44 Blsmera‘ Canyon, Los: Angalaawisnatdnracks try tox eink wee eens 48 : 
45 BxxMission, Ventura, oc acncnckebroseeiiotare: Koch coe, ee 62 130 
46 Bopper Ganyon, Venitira sca igiretoe ss sia Sooner ce tak ee odd 49 80 
47 Modelo, Ventura:i\:\\crutn ciate cameron, Mar Be ene a CR eee 39 
48 Newhall-Potrero, Low Angeles ick Siok, static cance Ee 48 180 
49 Fico Canyon) Los Angdlan.-iminckumiaes tities Genta aoe eae 62 95 
50 Seaps: Canyon, .V entra renee Gre ties sa, Bee cae hee 36 460 


* Footnotes to column heads and explanation of symbols are given on page 313- 


V. H. WILHELM 329 


TaBLE 1.—(Continued) 


Area 
Breved Total Oil Production, Bbl. Total Gas Production 
Millions Cu. Ft. 
Daily Maximum 
; ; Average Daily 
a Total To End of During During during during 
3 1937 1936 1937 N ; 1937, 
g ov. To End During During M Cu 
1937 of 1937 1936 1937 Ft E 
z, 7 
g 
rs] 
1 110 1 662,909 607,251 1,669 1 
2 285 32,426,446 803,811 | 1,254,383 4,432 78,267 1,078 2,513 6,776 
ee ienns cre pete | oe) 8 
3582, , 376, 5 
5 870 | 74,685,403 | 3,033,973 | 2,880,175 9,473 } 41,047) 1,586 1717 | 12,438 
6 810 97,282,137 9,712,179 | 9,810,196 29,486 155,350 18,119 17,747 59,227 
7 900 3,779,103 149,149 | 3,629,954 19,047 2,689 y 2,689 14,753 
8 1,890 259,284,480 | 13,247,499 | 13,240,975 36,175 263,600 20,718 17,712 49,673 
9 860 106,562,195 4,546,727 | 5,482,815 15,968 79,167 1,983 3,104 9,635 
10 15 508,421 49,307 29,798 96 1,111 
11 1,350 598,420,762 | 24,994,299 | 21,618,468 57,770 803,342 20,589 18,095 51,021 
12 840 65,403,574 303,778 222,418 547 y y y 
13 1,180 103,676,760 3,204,714 | 3,146,806 7,324 28,462 3,730 3,018 15,277 
14 640 41,145,068 4,643,658 | 3,143,409 7,820 43,546 6,366 3,851 13,102 
15 88 2,274,345 112,556 111,313 408 2,706 467 393 1,209 
16 1,288 83,058,535 2,443,126 | 3,095,366 9,102 74,553 2,044 2,354 7,815 
» 17 1,240 433,953,126 | 16,460,142 | 15,714,715 41,738 639,870 11,027 10,721 30,912 
18 400 279,058,075 2,800,317 | 2,801,602 7,695 87,884 4,195 4,285 15,862 
19 3,750 85,762,187 2,762,150 | 2,787,162 7,812 60,105 1,218 1,282 3,548 
20 590 17,339,630 346,633 347,344 941 366 y y y 
21 2,100 14,262,377 97,742 | 14,133,826 61,058 1,357 y 1,357 25,305 
2 22 360 2,314,006 570,727 918,377 3,039 1,117 432 482 1,847 
23 497 62,209,089 4,478,722 | 3,203,510 7,937 53,107 4,393 4,527 13,957 
24 600 831,942 2150,527 650,331 1,721 y 
25 400 483,170 108,836 374,334 993 with Rincon 
26 400 5,034 0 0 
27 390 8,329,895 754,218 | 1,062,038 3,788 8,694 649 1,472 5,118 
28 450 2,583,322 580,170 771,168 2,479 3,565 1,044 2,521 10,271 
29 80 3,035,426 503,939 248,783 606 y 0 
30 138,059,084 1,688,174 | 3,278,618 6,941 1,502 1,885 4,435 
31 6,000 1,683,734 2(61,621) | (1,622,093) 7,591 0 
32 850 (117,990) | (135,702) 237 
33 380 (13,232) (79,962) 
1,243 
34 807 (145,806) | (208,322) 0 
35 150 (95,402) (39,557) 78 
36 60 Shut down 0 Idle 
: 37 2,940 (85,521) | (123,065) 394 0 
38 4,390 (988,705) | (1,069,917) 2,955 2 
39 160 3,136,035 12,906 11,748 33 
40 “2,120 188,518,384 | 12,609,878 | 12,682,663 36,474 670,810 38,701 37,811 115,755 
41 57,500,891 1,699,905 | 1,824,810 5,038 
42 510 (26,392) 48,379 178 
43 110 0 3,200 31 
44]. 60 0 0 0 
3 45 130 (14,400) (13,601) 39 
2 46 80 (38,129) (35,160) 82 
LP 47 60 (4,841) (4,252) 14 
“8 48 180 (43,194) ie 252 
ee 49 95 (22,866) 22,235) 64 
50 460 (100,650) | (106,331) 316 
Re 
1 With Seal Beach. 
2 Including Alamitos. 


3 Figures in parentheses are not added in totaling. They cover small fields of which totals are included in groups, the 
group total only being used in the grand total. 
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TABLE 1.— (Continued) 
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Depth, Oil Production 
Number of Oil and/or Gas Wells Average | Methods at End of | P reseurey Lb. as 
in Feet 1937 es 
During 1937 At End of 1937 Number of Wells Pr 
he or~ m 3 
# |28 gy | ee v2 mel oe ENE 3 
3 = E E BA 22 oa ee| ¢ las. ae v| 2 le 3 _ 1936] 1937 
7 & a2 | 3 ‘Shiota = es 2 4 | 
a | 28) § | 2 | #2 | Es | Fa Ba] £2 SE Ezs/2| 2 a] 3) 2 
ajo? | 5 | = | k2 | EOE |£O! St [edie lc & a | 4 
1 Of} sathe=-6 43 49] 9,026] 4,635 48] 1 
2 a hace 86 93] 6,815] 4,120] 6] 74) 13 
3 0} oO} 124 287 411] 4,200] '2 393 18 
4 10} Oo} 23 86 109} 4,100] 2,450} 2| 107 
5 21 <e.3c}h i309 53 142| 5,910| 2,800 142 
6 Va eae Derr 163 200| 6,200] 3,800] 49) 110) 41 
7 49{ 2] 2 43 45] 7,620] 6,800] 14| 27) 4 
8 29 OT) 80 572 661 4,730 1,900 4) 652) 5 
9 4] 8] 94 192 286| 4,100] 1,850] 30| 255] 1 
10 o| o 6 6| 6,500] 6,375 6 
u 24] 32] 2 1,250 1,252] 8,470] 2/300 1,248] 4 
12 0] 10] 1] 109 110} 3,500] “475 110 
13 ate Past rs 202 239| 7,012/ 1,730] 5| 234 
14 SA ear 213 220| 5,730 3,350/ 1] 219 
15 ie a 10 10} 6,710) 3,640/ 1] | 9 
16 224 Sid dan 28 284 306] 4,550| 2'900 306 
17 3| 31] 35 663 698] 7,850 3,470 662| 36 
18 2) 0| 27 65 92} 7,100) 4,350] 9] 74] 9 
19 184 SONS i 530 581) 3/200] 2,700 581 
20 04 ct) 018 157 175] 4:200| ‘250 175 
21 335; 1| 2] 317 319] 3,648] 2,400] 220/ 99 
22 Py eet 4c a 39 49} 2,580] 1,150] 15] 34 
23 hoe aa 81 87| 4,385] 3,164) 6] 63/18 
24 8 2} 8 10} 2,550] 1.750 10 
25 4 6 . 6] 5,500] 4,800] 3) = 3 
26 O35 30 4) 4) 4/493] 4'193) 4 
27 fehl ED a0 42] 3,550| 2) 9} 28] 5 
28 2 8 8) 6,800} 5,500] 6) 2 
29 CT GO ak ar 40} 2,040] 1,965 40 
30 
31 i ee 2 oa | 53 54] 5,200} 2,000) 20| 34 
32 0} ae Br] > a8 70| 3,900 70 
33 0 25) 6 30| 3,100 30 
34 0 27] 14 41] 3,700 41 
35 4] 8 22} 1,200) — 00 22 
36 Dy orth e 1) 3,400] 2,311 1 
37 0 2] 6 35 2,900) 2; 35 
38 4 93 | 137 230 230 
39 0 Lye ay 8) 1,260/ — 600 8 
40 19} 3] 56 270 326] 9,720} 3,450| 123] 157] 46 
42 (1) 5} 29 34} 1,250] 950 34 
43 (2) 53 53] 300] 100 2 51 
44 23 23] 1,242] 500 23 
45 ai. 34 24 24 
46 sie. 78 14) 1,000] 2,000 14 
47 14 14, 500} 180 14 
48 (1) iteaetg WE 3g 31} 1,505] 1,290; 1) 30 
49 oie Be 36] 1,810] "358 36 
50 (2)) 5| 16] 20 36] 1,000] 400 36 
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aaa of Oil, D Abie 
pprox. Average T eepest Zone lester 
Uiting eats Producing Rock te End of 1937 
Gravity A.P.I. 
at 60° F. 
6 
he go 
a 4 Name Agef g 2 Name 
8 |geo a % = Lene x) | a 
=) =) D &| 2 Oo = = 
2| 6 | 8 lesle) » 3 lgie¢l ¢ ag 
2\ 5] 8 sees! 3 & lEi|eb| 3 Bs 
B\=|5 e<e"| 8 & jsl2%| # an 
1| 30 | 23 | 26 A | Repetto-Puente Pli-Mio SH 2,335} A 9,054 
2} 40 | 30 | 35 Repetto-Puente Pli-Mio SH 3,410 A 10,389 
3] 28 | 15 | 22 Repetto-Puente Pli-Mio SH 3,940) MF 8,201 
4| 28 | 18 | 21 Repetto-Puente Pli-Mio SH 900 A 9,084 
5 | 32 | 27 | 29 Repetto Pli SH 2,100 A 8,144 
6| 43 | 26 | 27 Repetto-Puente Pli-Mio SH 3,400 A 10,435 
7| 17 | 28 | 26 Puente Mio SH 200 A 8,009 
Cong 
8| 27 | 10 | 23 Repetto-Puente Pli-Mio SH 2,000; MF 9,054 
9) 29 | 16 | 23 Pico-Repetto-Puente Pli-Mio SH 2,950 A 6,508 
10 | 32 | 26 | 29 Puente Mio SH 125} ML 7,405 
11} 32 | 20 | 25 Pico-Repetto-Puente Pli-Mio SH 3,500 A 9,280 
12} 22 | 12 | 15 Repetto-Puente Pli-Mio SH 1,600 A 5,084 
13 | 34 | 14 | 26 Repetto-Puente Pli-Mio SH 2,560 A 8,265 
14| 26 | 20 | 24 |2.70 Repetto-Puente Pli-Mio SH 1,290 A 7,048 
15| 45 | 34 | 28 Repetto Pli SH 395) AF 8,376 
16| 28 | 15 | 21 Repetto-Puente Pli-Mio SH 1,450 A 10,496 
Lay 3601-271 32 Repetto-Puente Pli-Mio SH 3,260 A 11,314 
18 | 30 | 22 | 26 Repetto-Puente Pli-Mio SH 1,980 A 9,054 
19| 27 | 14 | 19 Repetto-Puente Pli-Mio SH 500 A 6,597 
20) 31 | 16 | 24 Repetto Pli SH 250) MF 5,040 
21| 14 | 17 | 28 |2.47 Repetto-Puente Pli-Mio SH AF 6,814 
22 | 44 | 20 | 32 Vaqueros-Sespe Mio-Olig SH 350 A 4,071 
23 | 39 | 34 | 36 Vaqueros-Sespe Mio-Olig | SH 600} A 7,157 
24| 17 | 13 | 14 Monterey Mio acti 800 A 6,510 
shale 
25 | 28 | 29 | 30 Repetto Pli SH 270} AF 7,291 
26 Vaqueros Mio SH 354). AF 6,912 
27| 31 | 25 | 27 Repetto Pli SH 650} A 7,449 
28} 30 | 22 | 27 Repetto Pli SH 775| AF 10,030 
_ 20 | 17 | 19 Vaqueros Mio SH 75| MF 4,730 
31 | 14 | 17 | 16 Monterey Mio broken 210} MU 8,133 
shale SH 
32} 8 | 22] 9 Monterey Mio broken 350 A 
| shale SH 
33 | 12 | 16 | 13 Sisquoe-Monterey Pli-Mio | broken 220| AN 
shale SH 
34} 12.) 16 | 13 Sisquoe-Monterey Pli-Mio Lae 200} AN 7,199 
shale 
35 | 20 | 14 | 14 Monterey Mio HH 400 8 4,424 
36) 18 | 15 | 15 Monterey Mio A 5,627 
37 19 Monterey Mio AF 4,310 
38 | 25 | 10 | 17 Monterey Mio ee AF 5,815 
shale 
39} 20 | 11 | 15 Fernando Pli SH A 
- 83 | 28 | 30 Pico-Repetto Pli SH A 10,569 
42 | 32 | 26 | 28 Sespe-Hocene Olig-Eoc | SH A_ | Eocene 6,804 
43] 15 | 12 | 15 Vaqueros Mio SH MU 
44|-23 | 14 | 18 Pico Pli SH MU 2,117 
45 | 28 | 24 | 24 : MF 
46| 32 | 14 | 14 Modelo-Vaqueros Mio SH A 2,200 
47| 30 | 14 | 15 Modelo-Vaqueros Mio SH A 1,488 
48) 19 | 14 | 15 Eocene 3,504 
49 | 42 | 33 | 38 Modelo Mio SH AF 3,445 
50| 33 | 27 | 28 Sespe Olig SH AF 3,595 
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TABLE 1.—(Continued) 


ae eae TR ENE ae a TEE PSS ee 


Area Proved, Acres 
Age, 
Field, County Price 
of 1937 Oil 
5 Oil and Gas 
Q Gase 
g 
tel 
a 
g 
4 Paes 
51 Shiells\ Canyon, Ventura: 2.05550 etn plese ree ee ee ee 26 350 
52 Simi, Ventura css. ctcenee horn ee tes ss ae a nee eee 25 596 
53 Sisar Silver: Thread, sV enturt dx,f.: \ Salm ae sae we ase on ee 52 330 
54 South Mountains Ventura) i... oto ee eee 22 725 
55 ulphir Mountain, ‘Ventita-2 0. ees ae net oe a a 10 40 
56 Tapo: Bureka; Ventura. ges iao- ogee cde ae ee oe nae 56 170 
57 ‘Temeseal, Ventura: 3jyrcrcee <2 cape reed see a 13 235 
58 ‘Timber: Canyon; (Ventura rnc iets: 3 tee Se ae es 39 110 
59 Fresno-Lion Mt: Ventura. «i.e pled ent ce eae ee 19 50 
60 ‘Porreyo Mts: Ventures os tee oinst oaeick Sk Balen oe ae eae 41 190 
61 Wiley-Miy:Los Anpelessticy 5. 25.Cok ee Soon coe Gh ee ae 50 28 
62 | North Coastal Counties 
63 Half Moon Bay; Sqn Mateole:-.ecseen oo. nach ae ose een eee 51 80 
64 Los Gates, Santa’ Clara wer: cata cone ec ee ad es y 20 
65 Sargent, Santa Claravs, ethcas. vs oc. .<t een eee oe 43 60 
San Joaquin Valley 
66 Belridge; Kern int accncmury crt pac oa seek en en ee ee 27 3,300 
67 North: deep Sects at cate es 5 eee Me oe. eat ane a 7 1,700 
68 Bhiallow:..¢ S501 latina: ecetealNee 4 cee Sac e ae” pea cae ace At 25 ~ 
- cous eR ach, SO EA OE EE 2 ae ee. a Ae oe es ie eee 27 1,600 
OLA i viaie wings Je Soe Heh Kes lela ROS EMO ose eee bie GIs chide oh eee 4% y y 
71 APVIN, ROO sei assie MMispiah ten hci vain eee eR eee 4 y y 
v2 Coalinga, Bastilinganovn tart us s.ee caer it car eae me ce ae 37 14.72 
73 oalings; West Fnsandinee.e Necc nie fake et bie eee oa 36 } 124 
74 Coffee: Canyon, ‘Kertis. r.s ocean toe at ee wee 5 500 
75 EGisOns, Renna macnn k eoctiee ieee eee eta RE aa ee ee 6 1,880 
76 Hille Hill, KK aig cc Paun. cient oro e moe eos aa ee cat ae cee 19 9,600 
77 H¥ultvale, “Kepn stn ate Ate sihs Sanh: «hee ee alae Aone a 10 1,620 
78 medley, Kerns doe sus nie it. oc cher a pet ic ae a ae 1 1,500 
79 Kern’ Rront, Kerns (4.84 eee Mn eta eR en Ae 25 3,360 
80 KermiRiver, Keriie. tin tack co ae sata urease oe co ee ae 37 9,633 
81 Kottleman’ Middle; Kinga... sates hs on. aoe bende eee ee 6 950 
82 Kettleman North, Kings, Fresno............. 0.000000. 000s 9 16,510 
83 ost Hills, Kerns: 5 ike wn. sa eet ane ek oa Rete ee ee 28 2,600 
84 MoKittriok, (Keryy's,..si¢ Goin): agape mata aa ae eee eee ota 40 1,525 
85 Midway ‘Maricopa, Kar. acme aia nnbion dria: & pate ee es ee 36 48,117 
86 MoVan, Kern racint fos Wits < LPS haters CARING ee er aan 6 300 | With Premier 
87 Mountain View Kern Nave gee@ kode 1 Sindee oe Me ee pe ee 4 2,010 
88 Mount Posner is Gis aa.c 0 te Ran ooy-< aeet rte cee oie Meee 12 2,245 
89 PTENUGE Keri crat s nacik 8,5 ck Weta PGi nase ttre ites ae ll 1,220 
90 Rio Bravo, Keri 6 Wish Sc. seinss Ss oad eet ee me Vie y 
91 Round Mountain, Kern 10 
100 
1,200 
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TaBLE 1.—(Continued) 


Area 
apores Total Oil Production, Bbl. Total Gas Production 
Millions Cu. Ft. 
Daily Maximum 
: : Average Daily 
ye] toa | Tmt | Paige | Dale | dane cue 
g i ee To End | During | During Pa 
2 (of 1937 | 1936 1937 Ft. 
2 
4 
51 350 (8,396,343) (301,905) (404,333) 1,222 with 8. Mountain 
52 596 rare He 106 
53 330 42,426) 48,930) 145 
fi ye (19,106,510) Neirttt (ae ag 49,974 2,335 2,785 10,576 
4 ,3836) 
56 170 (11,898) (10,907) 21 
57 235 (249,254) (326,254) 905 584x 
58 110 (17,324) (9,790) 25 
59 50 (5,111) or} 13 
60 190 (51,216) 52,072) 143 
61 28 (6,397) (5,475) 11 
62 21,960 
63 80 Shut down 0 
64 20 Abandoned 0 
1918 
65 60 142,272 8,363 8,969 26 
He ae 57,459,893 4,648,261 6,286,195 126,860 \ 
me , Oca er tat 1087 ; 36,606 | 42,681 | 138,171 
69 1,600 (21,340,639) (731,298) (629,488) 1,497 
70 y 31,575 587 
2 : 3,947 6si 3 780/226 10,236 
,947, »780,2 236 
weit 14,724 852,871,542 Lee eres ee ante ate \ 36 23 107 
74 500 |with Round Mt.| 1,450,486 1,809,282 4,927 
75 1,880 4,714,983 2,023,451 1,545,616 3,891 
76 9,600 142,161,515 3,194,445 3,774,687 10,999 83,975 578 541 1,644 
Midi 1,620 15,111,629 2,902,620 3,166,669 7,924 
78 1,500 531,604 527,100 2,818 1,582 0 1,582 24,595 
79 3,360 |with Kern River] 3,517,544 3,803,136 10,349 0 0 
80 9,633 274,569,421 1,645,180 909,063 2,444 0 0 
81 950 516,123 137,630 49,485 96 12,919 1,891 2,879 11,464 
82 16,510 176,393,390 | 29,148,997 | 29,078,290 81,619 | 1,094,024 109,048 115,418 397,602 
83 2,600 36,905,789 1,346,757 1,392,338 4,104 with Belridge 1,426 
84 1,525 87,047,294 777,420 1,269,640 4,393 
85 48,117 832,777,836 21,481,620 | 26,402,633 58,814 323,330 14,121 15,747 43,427 
86 300 | with Mt. Poso (11,848) (38,672) 221 0 
s 87 2,010 28,626,673 9,712,658 6,672,796 15,886 37,187 15,622 8,672 30,432 
88 2,245 36,361,502 6,182,760 6,478,386 22,968 
oes 89 1,220 | with Mt. Poso (564,450) (913,541) 2,095 
5 90 y 127,834 127,833 1,617 
91 1,420 16,690,498 | ~ 2,504,893 2,978,186 11,118 
92 100 2,088 19 
93 1,200 1,120,892 188,464 932,437 3,411 5,067 2,969 2,098 13,153 
94 295 3,467,670 128,962 118,600 312 0 
Ze 95 187,494 | 4,907,379,571 | 214,773,315 237,200,995 | 705,385 
96 1,000 1,008 1,008 13,271 
97 2,000 6,885 780 784 9,491 
: 98 3% 46 14 82 547 
99 4,800 716 0 716 10,736 
100 600 2,959 448 2,511 26,341 
101 1,200 1,154 1,154 15,103 
102 5,000 1,237 0 1,237 11,254 
103 4,947,810 214,773 345,279 
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TABLE 1.— (Continued) 


oe—n— nm mn rk aa eee eee 


Depth, Oil Production : < 
Number of Oil and/or Gas Wells Average Methods at End of | PF Say 5 ae 
in Feet 1937 ees 
During 1937 At End of 1937 Number of Wells eee 
on m 3 ‘ 
Be foll esa) 3 Be 9° wo | £ $ $ 
= S| Mp | we [wh Ss os |6-5 bo g 
E its z S| 84/32/28 \s5| 8 /e8let.\2| 2 lel4 1936] 1937 
e|E2/ & | 2 | 82 | 5/23 leal 32 Stseeele| £ |Z/2| 2 
BIS8| Ss | = [84 £5 | £8 ko) ee eerleds! 2 | 2 | 8] e| = 
51 OVSE el = st 107 122] 602} 4,200] 4) 118 
52 56 56| 2,025] 1,100 56 
53 al 74| 1,000] 315 74 
54 (2) 5| 83 88] 3,400] 2,200 88 
55 2 2) 2/300 2 
56 4] 19 23| 1,350| 500 23 
57 (4)} 2 12 12} 3,500) 3,000 12 
58 fa eeas, 26| 1,475| ‘500 26 
59 14 14] 830] 200 14 
60 1| 40 41| 2,000/ 600 41 
61 2] i 13} 800| 600 13 
62 
63 11 11 11 
64 13 13 13 
65 9 9 9 
66 15 1 
67 (14) 6 47 53] 4,917| 8,350] 34 9] 10 
68 14 3 17| 2,500} 4,100 17 
69 (1) 104 153 257| 4,500] 1,000 3] 254 
routed Fle oa 1 1] 8,175] 8,098] 1 
71 1 2 2] 7,350] 7,300] 1 1 
72 0} 9, | {249 | 354 603] 2,440] 1,860 603 
73 1 139 | 573 712| 1,720] 1/300 712 
74 4 i ae 64/ 1,750] 1/350 64 
75 12| 15 3 88 91] 2,080) 2/000 91 
76 5} 10] 2 170 252] 3,900] 3,450 252 
77 38] 5 5 162 167| 3,900] 3,000] 20) 147 
78 10 1 1 10 11] 7,880} 7,800] 11 
79 Cl on 427 444] 2,000] 1/700 444 
80 11 3} 1,126 | 944 2,070} '850| "400 2,070 
81 rele 3 3| 7,900] 7,563 
82 31 0} 30 178 208} 7,800] 6,200] 84 89| 30 
83 19} 3] 152] 247 399] 1,930] 1,430 399 
84 9} 0] 86] 226 312] 3,700 3,300 312 
85 123 | 46 | 1,048 2,567 3,615] 3,200} 3,000] 21] 3,594 
86 610 13 13] 1,200] 1:170 13 
87 40| 12 1 190 191] 5,350] 5,200] 14| 171| 7 
88 41 0} 42] 260 302] 1,680] 1,600 302 
89 6| 0 67 67| 2,690] 2/577 67 
90 1 0 1 1] 11,302] 11,249] 1 
91 41 1| 16] 108 124} 1,700] 1/600 124 
92 3 haeeO 3 3] 4,470] 4/430] 2 1 
93 Slike 1 7 8] 8,464] 71850] 8 3,500 3,500 
94 0; a10 ale ey 34] 2,000] 4/150 34 
95 735 4,850 
96 1 5 5| 5,219] 4,638] 5 
97 0 30} 30} 2,750] 2/500] 30 
98 0 9 9| 2.475] 21450] 9 
99 0 24) 24) 2.275] 9/235] 94 
100 0 1 6 6| 4,885] 3,920] 6 
101 2 5 5| 5,216] 5,178] 5 
102 15 17] 17| 4,300] 4/129] 17 1,725 1,725 
103 1,156 | 273 | 4,305 | 4,544 | 9,006 | 101] 17,956 831] 16,736] 308] 81 
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TABLE 1.—(Continued) 
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vada of Oil, D eee 
pprox. Average . eepest Zone Teste: 
> during 1936 pieiane ce to End of 1937 
Gravity A.P.I. 
at 60° F. 
S 

5 Bre, 

& Name Agef ae, Name 

g g g Bele & |e| Bo ‘b on 8 
2 | 8-| 8 lSelesl, g lsigel 2 as 
2) 8 |e Peles] & Be fel 2 joke 23 
Sl|2|5 e<e|a 5. lai] # er 
51| 45 | 17 | 30 Sespe Oli SH 1,800) D Eocene 7,423 
52| 32 38 Meganos Boo SH 4 A 

53 | 29 | 10 | 18 spe Olig SH MF 3,934 
54| 33 | 19 | 24 Sespe Olig SH 3,200} D 5,922 
55| 20 | 16 | 16 Monterey Mio SH ML 

56| 26 | 20 | 24 Vaqueros Mio SH A 2,956 
57| 25 | 23 | 24 Modelo Mio SH AF 4'584 
oe Fernando-Monterey Pli-Mio SH MF 3,300 
60 | 35 | 28 | 30 Vaqueros-Sespe Mio-Olig SH AF 2,500 
. 81} 25. | 28 Modelo Mio SH AF 3,835 
63 | 42 | 28 | 40 Monterey Mio Broken ML 

shale 

64| 26.| 22 | 23 

65 

66 | 42 | 13 | 27 

67 Temblor Wagon Wheel Mio-Olig| SH 980} — A 9,492 
68 Etchegoin Pli SH 150 A 

69 | 27 | 17 | 22 Etchegoin Pli SH 570 A 

70 37 Monterey Mio SH 77 y 8,175 
71 30 A | Chanae Pli SH 50 y Granite 7,928 
72| 34 | 12 | 17 Etchegoin Temblor Pli-Mio SH 420| AUP 

73 | 24 | 12 | 16 Etchegoin Temblor Pli-Mio SH 420) MUP | Kreyenhagen 4,148 
74| 17 | 16 | 16 Vedder Mio SH 400} MF 

75 | 28 | 14 | 18 Kern River Temblor Pli-Mio SH 80) ML, MI 

76 | 38 | 15 | 27 10.57 Etchegoin Pli SH 450) A 

77| 23 | 15 | 20 10.60 Etchegoin-Chanac Pli SH 900) AF 

78 | 60 | 32 | 32 |0.28 Monterey-Stevens Mio SH 80) MUF : 8,403 
79 | 15 | 13 | 13 Etchegoin Pli SH 300| MEF | Santa Margarita] 2,650 
80| 17 | 12 | 14 Kern River Pli SH 450) MU 

81| 38 | 52 | 55 Temblor Mio SH BEY eae. 9,138 
82 | 61 | 35 | 38 |0.30 Temblor-Avenal Mio, Eoc SH 1,600 A 11,746 
83 | 33 | 14 | 24 Etchegoin Pli SH 500} A Vaqueros 7,858 
84| 22 | 12 | 17 Etchegoin Pu. | SH 400) AF 6,664 
85 | 30 | 12 | 18 |0.65 Etchegoin-Maricopa Pli, Mio SH 200) MU 9,753 
86| 14 | 12 | 18 Vedder Mio | 30| MF 

87 | 26 | 32 | 30 |0.44 Chanac-Sta. Margarita Pli, Mio 150} MEF | Temblor 8,419 
88} 17 | 15 | 15 Vedder Mio 80| MF | Granite 3,130 
89| 17 | 12 | 14 Etchegoin Pli 113} MF 6,070 
90 39 Vedder Mio NS) 25 53) Az 11,302 
91| 22 | 15 | 16 Temblor Mio SH 100} MF 3,763 
92| 40 | 20 | 23 Miocene Mio SH 40| AM 

93 | 86 | 31 | 34 |0.37| A | Stevens _ | Mio SH 16} 614, A 8,984 
94) 31 | 22 | 25 Etchegoin, Sta. Margarita | Pli, Mio SH 2,150} A 7,154 
95 

96 Etchegoin Pli SH 120 A 7,957 
97 Bisteroln Pli SH 250) ~ D. 4,946 
98 Etchegoin Pli SH 25 A 11,466 
99 Etchegoin Pli SH 40} A 5,698 
100 Cretaceous Cre SH 7,000 
101 Eocene EKoe SH 38 A 5,298 
102 Eocene Koc Sy) 171; AF 7,029 
103 
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The Greeley field, discovered by the Standard Oil Co. in 1936, was 
extended to 1500 proven acres during 1937. Development to date 
indicates that deposition of sands is very irregular, owing to shore-line 
sedimentation. One dry hole was drilled within the proven area, a very 
unusual condition in California fields. 

The Mount Poso field was extended to the northeast by the Ring 
Petroleum Co. Seventeen wells drilled during the year indicate that 320 
acres will be productive of 15° gravity oil at shallow depths. 

The Round Mountain field was extended to the east by the Eastmont 
Oil Co. Production is obtained from Miocene sands sealed on the east by 
complicated faulting. Development to date indicates that 200 acres will 
be productive of heavy oil. 

The proven area of the North Belridge area in the Wagon Wheel sand 
(Eocene) was extended for a distance of 114 miles by the completion of 
The Texas Company’s J. D. Martin No. 1 well, which was completed for 
2707 bbl. of 32.6 gravity oil. 


Ventura District 


San Miguelito Field.—Development during the year indicates that the 
San Miguelito field, a small productive area west of the Ventura Avenue 
field, is a portion of that prolific structure. This development, which will 
not be rapid, will add to the acreage in reserve of the Ventura Avenue field. 


TABLE 2.—Summary of Drilling Operations in California 


Location 
Total 
County Depth, Name of Well 
Ft. 
Kern cara ceehres,, ¢ oem ue Ete i lat eres, 11,302 | Kernco-1-34 
{RARER ORE anes Aetiy do, t sae essere en 2 SO, 5 | K. C.L-E-3 
resto eh cena sh ate RaR RD sas ct SOT ein, a 4-18-J. 


Houchin No. 1 
Assoc. No. 1 

8. P. Land No. 1 
F. & P. No.1 
Beer No. 4 


CO NOOF CD BM | 
Zz 
i=] 
i) 


IRAE, oat, esis ctxe Se hue Se eats San saree te eR Tejon No, 
LOU Kora ies a linihcs aaentaet Cea | eae wear ae Bee KC. ae 
LT | Been ees warehis UNE Rest EEN eRe Ce Arkelo No. 1 
12 Kernce eames Oar pure heen dhe trate, cae Routzong No. 1 
LB | Beara in chas Ge esta are Ocean MS 5 Roe een .C.L, A-1 
04 || Humboldt ic. Saanutrack ty coat tk Monee ache Renae tee ae Eureka No. 2 
15) Madera (0 cit tnecs cera Sr ection Eekia cee aban Gill No. 1 
1G] Sati Benito en cos. cee ee academe eae ee ee Murphy No. 1 
17 Sbtee os ritcsie nse echt Rarak anc teh. he eee eae Buttes No. 4 
18, | Tos Atigeles ite ele daunaa ass mao Nota tamed. Bx Am. E. B. No. 1 
19 Angélegc cM ein ka enc atin caren eta eee O'Dea No. 10 
20 pLo8 Bag blon. 3s sic MOM R sae RT «Sone a ee Rancho §. F. No. 1 
Bl | tae Angeles 5; «dss, che panetaitewk tke pei ee ee Badger No. 1 
22 | 08 AL gees Lc... slat, HMR I.T dae eC Ea RAS 8 | Harbeson No. 1 
284) Loe Angeles rect tey ihc gh Rete cc a meee eee Fox Hills 


: 
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Santa Maria Valley Field.—Since the discovery of the Santa Maria 
Valley field, development has been increasing, so that 44 wells have been 
completed, proving approximately 6000 acres to be productive. All 
production obtained from this field is from brown shale and sand of the 
middle Miocene formation that overlies the basement complex uncon- 
formably. There is considerable irregularity in the producing horizons, 
with initial productions varying between 50 and 6000 bbl. of 16° gravity 
oil. Wells are spaced one to 10 acres, and it is expected that the develop- 
ment will proceed in an orderly and moderately steady manner for 
several years. Reserves of the field are expected to approximate 70,000,- 
000 barrels. 


Los Angeles Basin 


Discoveries in the Los Angeles Basin during the year were of minor 
significance, and additions to reserves were mainly due to extensions of 
and discoveries of deeper zones in proven areas. 

Signal Hill Field.—A fault-line extension of the Signal Hill field (Long 
Beach) was discovered by the Hildon Oil Co. in the northwest end of the 


TABLE 2.—(Continued) 


Tnitial Produc- Pressure, Lb. 
tion per Day per Sq. In. 
Drilled by Remarks 
Oil, Gas, 
U.S. M. Casing | Tubing 
Bbl. | Cu. Ft. 
1 | Vaqueros-Mio Union Oil Co. 1,400 625 1,950 Bone ts well, Rio Bravo 
el 
2 | Monterey-Mio Ohio Oil Co. 2,267 | 1,700 420 | Discovery well, Canal field 
3 |Avenal-Eoc Kettleman N.D.A. 1,172 | 20,467 2,400 | Discovery, Avenal zone, Ket- 
tleman Hills 
4 | Chanac-Pli General Pet. Co. 123 110 | Discovery, Arvin field 
5 | Temblor-Mio Jacalitos Oil Co. Dry hole 
6 | Temblor-Mio Western Gulf Oil Co. 100 Nearly dry 
7 oe Margarita- | Wilshire Oil Co. Dry 
io : 
8 | Vaqueros-Mio Amerada Oil Co. 12 Overlap production 
9 | Chanac-Pli Universal Con. Oil Co. 46 890 | New field 
10 | Monterey-Mio Superior Oil Co. Dry, outpost, Greeley field 
11 | Monterey-Mio Arkelo Oil Co. Dry 
12 | Sta. Margarita Standard Oil Co. Dry 
13 | Miocene Cont. Oil Co. Indicates new field 
14 | Pliocene Texas Company New gas field 
15 | Panoche-Cre Seaboard Oil Co. Dry 
16 | Miocene Assoc. Oil Co. Dry 
17 | Cretaceous Buttes Oil Ltd. New gas field 
18 | Alamitos-Pli Hilldon Oil Co. 20 | Discovery Ext. Long Beach 
19 | Puente-Mio Barnsdall Oil Co. 820 | Deep zone discovery, Rose 
crans 
20 | Miocene Barnsdall Oil Co. 250 Nee discovery, Newhall 
el 
21 | Puente-Mio Standard Oil Co. Dry 
22 Shell Oil Co. Dry hole 
23 | Schist-Jur Superior Oil Co. Dry 


Cavan vtec me 


In Proven Fields | Wildcats 
ee et ee Se 


Number of wells drilling Dec. 31, 1937...........-+ 0000s sees eeeee 
Number of oil wells completed during 1937..............--.++++--++ 
Number of gas wells completed during 1987.............-+-+s+2+0++ 
Number of ey holes completed during 1937............--+-.+-2+0+5 
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field by the completion of its well A.M.F.B. No. 1 for 960 bbl. of 24.2° 
gravity oil from the Alamitos zone. Three additional wells have since 
been completed with less initial production. The productive area of the 
extension is estimated at 100 acres. 

Newhall Field——The Newhall field, adjacent to the area where oil was 
first discovered in California, was discovered by the Barnsdall Oil Co. 
when it completed its Rancho San Francisco No. 1 for 255 bbl. of 34.1 
gravity oil from Miocene formations. The type of structure and the 
extent of productive area are as yet unknown. 


Rosecrans Field—The Barnsdall Oil Co. proved the existence of a new 


deep zone in the Rosecrans field, but later developments showed that the 
productive area was of limited extent. 

Dominguez Field—The Union Oil Co. proved the existence of an 
eighth Collender zone in the Dominguez field, although production was 
small. Additional development will be necessary to prove the extent 
and value of this new discovery. 

Wilmington Field—Wilmington was the most active field in the Los 
Angeles Basin during the year, with 280 wells drilled. Development 
shows that the structure is an irregularly shaped dome, with faulting 
transverse to the principal axial trend. The structure is rather flat and 
production comes from Lower Pliocene and Upper Miocene strata. Five 
productive zones have been discovered. The gravity of the oil ranges 
from 12° to 31°. The average initial production is approximately 500 bbl. 
per day, but wells cannot be produced at capacity because of sand trouble. 
A large portion of the field is within the city limits of Long Beach, which 
has not as yet been opened for drilling. It is expected that when permits 
are granted for this drilling, the greatest activity in California will occur 
in this area during 1938. The total productive area is estimated at 4000 
acres, with reserves of 170,000,000 barrels. 

El Segundo Field.—El Segundo field, discovered in September 1935, 
had very little development immediately subsequent to discovery, because 
of the uncertainty of obtaining commercial production. Activity was 
revived, however, in 1937, by the completion of The Texas Company’s 
Security No. 1 well for 4800 bbl., on the west side of the structure. The 
oil occurs at the base of the sediments between the Miocene shale and 
solid schist. Both the base of the conglomerate and the underlying schist 
where fractured act as a reservoir. Development indicates that approxi- 
mately 800 acres will be proven, with a total reserve of 13,000,000 bbl. 
Because of the lack of adequate reservoir, decline in production of the 
wells is very rapid. 


Increased Activity 


Increased activity of the industry during the year, in comparison 
with previous years, is shown in Table 3. 
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DRILLING AND PrRopucTION MeEtTHODS 


Specialists are beginning to study everything from pumping and 
drilling equipment to cement and rotary mud. Special problems are 
being solved with efficient methods where only partial solution was 
formerly considered sufficient. Many are apprehensive of the replace- 
ment of the older generalized equipment by the newer specialized 
machines, whose lack of adaptability is occasionally felt. Probably they 
can never entirely supplant the older designs for that reason. Some of 
the innovations in drilling are: 

1. Carefully engineered design of the entire drilling machine including 
as much unitization as practical; and standardization of parts and piping. 

2. The use of heavy drill collars, permitting greater drilling speed 
without sacrifice of straight hole. 

3. Controlled pressure drilling is being used successfully in some fields 
and is reported to have a very beneficial effect. This is believed to be 
due to the prevention of penetration of the producing sand by drill- 


. ing fluid. 


4. Chemical treatment of wells to remove wax, mud cake, lime crusts, 
etc., has received considerable attention; and some progress has been 
made. The belief is gaining ground that this has a definite place in the 
industry when known preparations are used and accurate records are 
kept. Secret preparations and anxiety for business, for a while, gave such 
treatment a questionable reputation. 

5. Gravel packing of the hole between the perforated liner and the 
formation has received a great impetus during the year. It shows 
promise in holding running sands and shifting formations, but the econo- 
mies of the operation and its proper field of usefulness is not yet com- 
pletely proved. 


Tape 3.—Activities in California Petroleum Industry 


Initial Production of New 
Pe eee | Uylee | rome) Pores | ee 
Filed Abandoned Per Cent eS aay 
1929 1,256 314 910 1,437 1,307,496 
1930 918 254 755 —17 775 584,521 
1931 329 238 246 —67 1,481 364,434 
1932 279 191 184 —25 852 156,823 
1933 596 163 248 +35 1,105 274,104 
1934 631 247 449 +81 1,190 534,508 
1935 986 347 710 +37 954 677,320 
1936 1,102 320 786 +11 471 370,227 
1937 (est.) | 1,640 326 1,157 +47 567 656,019 
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6. The fundamental nature and handling of rotary mud continues to 
receive attention and really scientific foundations are being approached. 
Economic considerations will follow. 

7. Some progress has been made in the testing and handling of cement. 
Previously this was considered strictly the problem of the manufacturer. 
The building up of test and result data by the user should ultimately 
result in benefit to both. The selection of the proper cement for the job 
and the method of handling it, based on test data, has already been a 
great benefit to the user. 

The most important problem in the producing side of the industry is 
that of producing deep wells satisfactorily and economically after the end 
of their gas-lift period. This cannot be considered as solved ; but here 
also specialized equipment is doing its part. 

Many scientific devices are being used in the diagnosis of the producing 
properties of the well. No one of these gives complete data, but in con- 
junction with each other, have proved of immense value. 

Probably the most important characteristic of the producing well is 
the productivity index, which determines the production capacity and 
hence the type and size of the producing equipment. Recording pressure 
gauges at the pump or base of the tubing record the fluid head; a device 
on the echo principle records the fluid level as measured from the surface. 
A pump dynamometer records the load at the pump and its filling 
characteristics. Surface dynamometers determine rod and surface equip- 
ment loads. 

By these means, the proper pump size, depth, length of stroke, and 
rate of pumping may be determined. These factors and the surface loads 
determine the surface equipment. The required equipment may be of 
standard or special size, but is being fitted to the demand. 

Special producing means such as intermitters, gas displacement 
pumps, plunger lifts, ete., are being used where their fitness is indicated. 
Hydraulic pumps are finding their field of greatest usefulness in deep wells 
where productivity is not too high and where casing sizes are adequate. 


SUMMARY 


Drilling activity during the year was greater than that for any year 
in the history of the California oil industry. Undoubtedly 1938 will be 
an active year, limited by economic conditions and increasing lack of 
proven drilling locations. Average depth of wells will tend to increase 
and many deep tests of 12,000 ft. will be drilled in the San Joaquin 
Valley. Wildcat activity in the state is expected to continue at the same 
rate as in 1937. 

During the year, average daily market demand increased because of 
abnormal conditions, and it is estimated that the demand for 1938 will be 
less than in the closing months of 1937. 


OE  ———— 
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Oil and Gas Development in Colorado in 1937 


By C. E. SHornrett,* Memper A.I.M.E. 


Tue outstanding development in the Rocky Mountain region for 1937 
was the discovery of oil on the Wilson Creek dome in Rio Blanco County, 
Colorado, in the Morrison formation of Jurassic age. This discovery 
opens up a vast territory to exploitation and definitely establishes the 
western slope of Colorado as one of the region’s more important oil areas. 
In former years, a large number of structures on the western slope were 
tested dry in Upper Cretaceous rocks but are now believed to hold possi- 
bilities in older formations, and a number of such structures are in line 
for drilling in 19388. 


Tasue 1.—Oil and Gas Production in Colorado in 1937 


Area Proved, Acres Total Oil Production, Bbl. 
Field, County 
a 3 Oil ie Gas | Total | To End of | During During |o , 
8 a Gast 1937 1936 1937 |ae 
2S Sie 
g 8a 0G oo 
a a a SES 
z Se 258 
PS < > a? onl 
1| Berthoud, Larimer..........0-..2000000 8 510 510 46,142 3,446 4,825| 18 
DCR OUIGEE: DOUGE! onus ees esis ca sein ns shee 35 400 400 632,039 5,951 9,125 25 
SRNIOrEnGe nH TENONt ic). .csieicp c's vege w eles 76 | 9,000 9,000) 13,402,815 67,961 57,694 | 180 
AA HES Collins; LGremen.. oo: ci. see cys wae es 14 400 400} 2,057,134 23,391 15,432 42 
5 | Garcia, Las Animas..............-..--.+| 11 640) 640 
6 | Greasewood, Weld................2..-5. if 200 200 439,637 18,924 5,878 23 
7 | Hamilton (Moffat), Moffat.............. 14 400 400) 5,341,156) 150,327} 143,474 404 
Rralettiawatliae MM OGES steclai- sy scrieics! oyic/siucele lel 10 3,180} 3,180 
0) PSUS TSR: Coin OO DRS Ee nD GE On Lei OO 13 600 600! 6,382,295) 1,164,540) 1,036,108 | 2,654 
10 | Mancos Creek, Montezuma.............- 40 40 3,81 218 01 0 
11|-Model, Las Animas.........-..-.+.+ 00+ 9 4,380] 4,380 
(On Rangely ito! Blancos. 2.0... a wees 18 320 320 462,561 28,774 30,723 98 
13 | Thornburg, Rio Blanco...............-.. 13 350| 350 
AM ow: Creel; A OUsE sayin es cts ib rieed eorsets tussehe 13 200 200) 1,534,550 63,636 62,500 500 
4 MGM ALGER eh ACKEON ie > vee a = dal w'a ss Gren le 4 10 320 320 156,886 0 0 0 
ZZ 16 | Wellington, Larimer.............-..0-65 13 | 1,000 1,000} 4,626,431 95,218 73,464 | 190 
“ie WA Price, Archulelas. 2... ntti es wine 3 200 200 161,020 161,020?) 657 
Mile Otalci pete is rentals seeds Sdire ct 13,080] 510 | 8,550) 22,140 35,246,482) 1,622,386] 1,600,243 


@ Footnotes to column heads and explanation of symbols are given on page 313. 


1 Field abandoned during 1936. | 
2 Includes oil produced and stored in 1936. 


Manuscript received at the office of the Institute April 12, 1938. 
* Geologist, Petroleum Information, Inc., Denver, Colorado. 
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OIL AND GAS DEVELOPMENT IN COLORADO IN 1937 
TABLE 1.—(Continued) 
Oil Produc- 
Total Gas Production, : Depth, Aver- Aon Msthods Pressure, Lb. per 
Millions of Cubic Feet Number of Oil and/or Gas Wells age in Feet as End ue: 1937 Sq. In 
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of 193 936 ind 2 o 
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516.4 40.8 49.6 6; 0 1 3 1 4 | 2,940) 2,920 3 600 95 90 
54} 0 1 8 8 2,000 8 
1,203 | 0 1 105 105 2,200 105 
15| 0 0 11 11 | 4,560 | 4,535 ll 
3,081.0} 197.0) 195.0 15} 0 0 1 8 8 1,600 12 4 4 
8| 0 0 3 3 3 
23) 0 0 12 12 | 3,880 | 3,860 12 
14,626. 5| 2,785.8] 2,494.0 10; 0 0 1 10 | 10 | Sand lenses 850 785. | 770 
39] 2 0 34 34 | 3,315) 3,295] 15 19 
33 | 0 0 0 0 375 0 0 
64.5 0 0 6]; 0 0 0 0 | 1,004 960 12 112 
52| 0 2 1 4 4 uta oe 4 
79.2 0 79.2 3} 0; 0 1 3 3 3050 21525 725 725 
L120 0 15 15 2,600 15 
4; 0 0 0 | 5,215 | 5,110 
32/ 1 0 22 22 | 4,500 | 4,480 22 
19} 0 6 ll ll ll 
18,367. 6| 3,023.6) 3,530.6] 1,589] 3 | 11 4 |228 | 22 |250 26 202 
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38 
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81 |P Pierre CreU | H TS | 1,097 | Fountain (Pen) 1,875 
37 34.8) P Muddy-Dakota | CreU | S| 12 | 25 A 4| Dakota (CreU) 4,995 
1,131} 2.00 | Benton CreU | H D 7| Morrison (Jur) 1,392 
42 |P Muddy CreU| S|} 9] 35 A 6 | Morrison (Jur) 7,040 
4. |P Dakota CreU | S| 18 
Sundance Jur 8] 14] 20 D 11 | Sundance (Jur) 4,490 
1,080 asatch Eoo |S} y z D Mesa Verde (CreU)| 7,577 
OF Ne Sundance Jur S} 9] 20 D 5 | Sundance (Jur) 3,447 
40 | P Mancos CreU] S|} y y | ML 30 | Dakota (CreU) 1,280 
Tnert* Santa Rosa (?) | Tri 8/19} 50 D 2/ Fountain (Pen) 2,010 
52 | 42 P Mancos CreU | H A 46 | Mississippian 7,173 
Dakota CreU| S/] 15] 35 Sundance (Jur) 3,095 
Sundance Jur S| 15 | 500 D 0 
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50 | P 4 Muddy-Dakota | CreU | S| 14] 90 | AF 2| Morrison (Jur) 5,258 
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40 | P Dakota CreU| S| y y A : opr Dakota (?) 
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The Wilson Creek well is on the SW. SE. NW. of sec. 35, 3 N., 94 W., 
and was completed in the Morrison sand at 6664 to 6704 ft. for an initial 
production of 500 bbl. of oil per day. The well was drilled through the 
underlying Sundance sand before completion, and, although the cores 
recovered showed oil saturation, on test the sand produced only water. 

Wilson Creek is a large circular dome, 5 miles in diameter, formed 
in beds of lower Mesa Verde (Upper Cretaceous) age. The structural 
closure is more than 1000 ft. The surface elevation at the well site is 
8051 ft. above sea level. 

Three deep tests were drilled in the eastern part of Colorado in 1937, 
all of which were failures. The Gulf Oil Corporation’s No. 1 Union 
Pacific-Smith in Lincoln County was drilled 100 ft. in Arbuckle lime and 
was abandoned at 7096 ft., a dry hole. 

' Morgan, Flynn and Cobb drilled a well in Kiowa County, in the 
Nee-No-Shee district, which failed to find oil in the Arbuckle lime and 
was abandoned at 5540 feet. 

The Indian Territory Illuminating Oil Co., which was active in eastern 
Colorado in 1936, drilled a well in the southeastern part of the state, in 
the Big Bend district of Bent County, in 1937. This well reached a depth 
of 5651 ft. before abandonment and tested the Arbuckle. 

The completion of these three dry holes, combined with unfavorable 
tests in 1936, have dampened the enthusiasm of the wildcatter for this 
area and at the close of the year only one well was in active operation. It 
is a test being drilled by the Gulf Oil Corporation near Kit Carson, but 
it seems quite certain that several wells will be drilled in eastern Colorado 
in 1938, one of which will be on the Continental Oil Company’s Cotton- 

TasLE 2.—Summary of Drilling Operations in Colorado in 1937 


ee eee 


Initial 
Racath Produc- 
ocation Hon per 
Total Deepest E Day 
County Depth, Horizon Drilled by Remarks 
Ft. Tested = 
Q 
eae = 
80 =} 
oe) oe a o 
Ae PAT CnULGta, wr, occveislaicie s- > - 21 | 32N 4E | 1295 | Dakota Continental Dry hole 
DMI ERON eerie pre sccraicitearts 2|218 | 48W| 5651 | Arbuckle Tijelisrliens Dry hole 
PREIOWANe icone iene es 1/178 | 50W| 6175 | Arbuckle Gulf Oil Corp. Dry hole 
A PEO Wace tree casi iaaee ae A 6 | 20S | 46W}] 5540 | Arbuckle Morgan & Flynn Dry hole 
oil lil Ura) Be etry ae ee 19 | 15S | 53 W| 7096 | Arbuckle Gulf Oil Corp. Dry hole 
iRil| NUOM Ab een eis ctersbielers «cre 19 | 9N]}| 99W] 3007 | Wasatch Kerlyn Oil Co. Dry hole 
DMM OH AG tcay ere oe aie seo s = 1 |11N|100 W| 3761 | Upper Cretaceous | Kerlyn Oil Co. Dry hole 
8 17 | 11N|100 W|} 3460 | Wasatch Kerlyn Oil Co. Dry hole 
QWRIO-HANGO.. cc .os vis ace ee oe 35 | 3N]| 94W] 6898 | Sundance Calif-Texas 500 
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In Proved Fields | Wildcats 


Number of wells drilling Dec. 31, 1987... .........--002seesee ee ees 0 
Number of oil wells completed during 1937.............+-+-++55055- 3 20 
Number of gas wells completed during 1987.............--.02++005> 1 
Number of dry holes completed during 1987............---+..++055> 8 
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wood block north of Lamar. This block was assembled in 1928-1929 
and is on an excellent surface structure. Most of the large lease blocks 
are being held intact pending the outcome of other contemplated tests 
in Colorado and western Kansas. 
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Oil and Gas Development in Illinois in 1937 


By Atrrep H. Breti,* MempBer A.I.M.E. 
(New York Meeting, February, 1938) 


Tue year 1937 has been outstanding in the history of the Illinois oil 
industry. During the course of the year the state’s daily production 
has been trebled, increasing from 12,000 bbl. per day at the beginning 
to 37,000 bbl. per day at the end, and the year’s total, 7,426,000 bbl. is 
66 per cent above the previous year’s production of 4,475,000 bbl. The 
production in January was 368,000 bbl.; in December it was 1,085,000. 
Production from the old fields increased slightly. Most of the new 
production is from fields in the central part of the Illinois Basin, an area 
that for many years was considered unfavorable to the occurrence of oil 
and gas. The principal producing horizon of the new fields is the 
McClosky ‘‘sand,”’ an oolitic limestone in the Ste. Genevieve formation 
of lower Mississippian age. 

Although development has not yet gone far enough to permit accurate 
estimates of oil reserves in the new fields, it is believed that they are of the 
order of 100,000,000 barrels. 

The following are the oil fields discovered in 1937 listed in order of 
amount of daily production at the end of the year; Noble (Richland 
County), Clay City, including Southeast Clay City (Clay and Wayne 
counties), Patoka (Marion County), New Centralia (Clinton County), 
Olney (Richland County), Cisne (Wayne County), Beecher City (Fayette 
County), and Rinard (Wayne County). One gas field, the Russellville, 
in Lawrence County, was discovered in 1937. For locations of the 
new fields see Fig. 1. A generalized geologic column for Hlinois, show- 
ing producing horizons in the new fields, is given in Fig. 2. 

The total productive area of the new fields at the end of 1937 was 
1712 acres, in which 230 wells were producing. Thirty-five dry holes 
were drilled within 14 mile of producing wells. At the end of the year 
there were 19 drilling wells, 28 rigs standing, 18 rigging up and 4 new 
locations in these fields. 

In the whole state 447 wells were completed, of which 284 were oil 
producers and three gas producers. Total initial daily production of 


Summary received at the office of the Institute Jan. 22; complete paper April 7, 
1938. Published with the permission of the Chief, Illinois State Geological Survey. 
* Geologist and Head of the Oil and Gas Division, Illinois State Geological Survey, 
Urbana, Illinois. 
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the oil wells was 78,499 bbl., an average of 276 bbl. per well. At the end 
of the year the average production per well in the new fields was slightly 
more than 100 bbl. per day, as compared with 0.8 bbl. per well per day 
in the old fields. 
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Old fields 


Fic. 1.—Om Anp GaAs FIELDS oF ILLINOIS. 


Total footage drilled was 902,795 ft. in all wells and 581,141 in produc- 
ing wells. If the average cost of drilling is assumed to be $4.50 per foot, 
there was an investment in drilling of a little more than $4,000,000. The 
new fields produced up to the end of the year about 2,900,000 bbl. Half 
of the new wells began to produce after Oct. 1, and their average age 
at the end of the year was only about three months. Posted price at 
the end of the year was $1.35 per barrel, but a considerable amount of oil 
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from the new fields was priced at $1.26. Assuming an average price 
for the year of $1.30, returns from oil from the new fields amounted 
to $3,770,000. The production in the old fields was approximately 
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Fig. 2.—GENERALIZED GEOLOGIC COLUMN, NEW ILLINOIS BASIN FIELDS IN CLAY, 
RIcHLAND AND WAYNE CovunriEgSs. 


4,526,000 bbl., valued at approximately $6,100,000, for which the average 
price was $1.35. This gives a total value of $9,870,000 for all of the 
oil produced in Illinois in 1937. 


348 OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1937 


Geophysical methods of exploration, especially the reflection seismo- 
graph method, are being depended upon to a large extent by the major 
oil companies active in the Illinois Basin. The number of seismograph 
crews operating in the state has varied from about 10 to 15 throughout 


TABLE 1.—Oil and Gas Production in Illinois 


Area Proved, Acres Total Oil Production, Bbl. 


Age, 
Years 
Field, County to 
End of 
% 1937 | oi | Gas | Total |To End of 1937/ During 1936 

3 

a 

3 
1 | Warrenton-Borton, Edgar..................02- 31 100 0 100 28,400+ 1,100 
2 | Westfield (Parker Twp.), Clark, Coles.......... 33 9,000 55 9,055 z x 
3 850 75 925 z z 
4 9,000 0 9,000 x z 
5 : 1,500 0 1,500 z z 
6 | Siggins (Union Twp.), Cumberland, Clark....... 31 3,580 75 3,655 zr z 
7 3,185 55 3,190 9 z 
8 435 15 450 z= =z 
9 855 105 960 z = 
101) York, (Cumberlands. ofan. = ecemoneecn mn ae 310 40 350 z = 
TI | Casey; Clarkia a Sonne Ses. tare Fee 30 1,925 55 1,980 z = 
12 190 15 205 x F 
13 400 0 400 x x 
14 1,525 15 1,540 x x 
15\)|) Martinsville, Clarks... oo. 22; aoees. aoe aaec eee 30 710 155 865 x x 
16 15 20 35 z z 
17 275 35 310 x x 
18 105 0 105 z F 
19 170 0 170 x z 
20 195 0 195 z = 
21 5 0 5 z z 
22 | North Johnson, Clark. ........cccecsceuceses. 30 1,320 20 1,340 z z 
23 1,115 0 1,115 x z 
24 160 0 160 = x 
25 820 5 825 2 z 
26 215 0 215 x = 
27 | South Johnson, Clark. ........c..ccscceccecece 30 1,715 65 1,780 z z 
28 185 5 190 x z 
29 295 0 295 x z 
30 1,675 35 1,710 x 3 
31 , 845 5 850 z z 
32 | Bellair, Crawford, Jasper.............cecceccee 30 1,300 5 1,305 x z 
33 1,165 0 1,165 x z 
34 315 0 315 x = 
35 or 910 0| 910 a z 
36 | Clark County Division!...................000. 19,960 475 | 20,435 | 51,912,000+ 463,600 
O27 Mam jaCranfard seco citar alien ie oan nels 31 35,135 515 | 35,650 x 2 
38 340 0 340 x 3 
39 33,795 510 | 34,305 x x 
40 1,000 1,000 z © 
41 | New Hebron, Crawford...........-..ccceeceevs 28 1,350 210 1,560 & x 
42 | Chapman, Crawford, ..........0c00ccesccocees 23 1,045 515 | 1,560 z z 
Abc Parker! Craiojords i. vccidteidke thee oe eee 30 1,310 30 1,340 & rf 
44 ison-Weger, Crawford..........c.ccececcceee 7] 1,075 20 1,095 2 x 
45 | Flat Rook,® Crawford........c.se0lcuevececcce 1,375 545 x = 
a ese ahoratavareterdlane LeaveeSatal x z 
Ss eewocacatmkwe 142,022,000+ | 1,546,000 
ss pasjaste. deta tate 550 x x 
x z 
x x 
x x 


1 Total of lines 1, 2, 6, 10, 11, 15, 22, 27, 32. 

2 Includes Kibbie, Oblong, Robinson and Hardinsville. 
3 Includes Swearingen gas. 

4 Total of lines 37, 41, 42, 43, 44, 45, 46. 
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the year, the average being about 12. Magnetic and gravity surveys 
are being used to a minor extent to indicate structural trends. A small 
amount of structure test drilling is also being carried on. 

Out of 127 wildcat wells drilled during 1937, 80 (63 per cent) were not 
located by any scientific means, 27 were located on the basis of seismo- 


TaBLE 1.—(Continued) 


otal SiMe aah BH ie, Jyh ae Number of Oil and/or Gas Wells 
During 1937 At End of 1937 
Daily = 3 
; Average | To End of I a = 
3 Baring 1957 during 1937 ay tb A rs £ >a tol 
q Nov. 1937 S Ses es 3 B |S | wp | ws we 
ss » |» |ge| ss |e | 8 | |e ledies| 8 
=| a “4.8 ao a q as | 3 S) = 32 
o 3S t=} ~~ 
E 5 | B|32| 8s | 2 | 2 | 84 | Bs ESE] $ 
| a) (ay | ash || tere |) XS sel Ea egice les |e alesis 
1 821 2 0 0 0; 0 22 0 0 1 13) 0] O 13 
2 £ z z 0 Oo} 60 1,616 0 3 48 367; 0| O 367 
3 x Ee Ea 0 017220 185 0 0 7] Al Oe) {0 y 
4 x E & 0 0; 0 1,438 3 0 y ie alle CW y 
5 F] x z x 0) 0 12 0 0 y y| O| 0 y 
6 a Ee & 0 0; 0 995 0 2 y 914) y | O 914 
a 2 z = 0 OF 30 854 0 0 y y) y| 0 y 
8 2 z x 0 0} 0 90 0 0 y Ui ey feo y 
9 £ z z 0 0| O 192 0 0 y y| y| 0 y 
10 Ed z Ed 0 0; 0 70 0 0 y 44, y | 0 44 
11 < z x 0 co ea) 532 0 0 16 472} 0] 0 472 
12 z x 2 0 0; Oo 41 0 y y yi, 0 110 y 
13 2 z Ey 0 Oj 0 82 0 y y y| 0} 0 y 
14 E 2 =z 0 Ole 0 319 0 y y y| O| 0 y 
15 & z Ed 0 0 213 0 9 y 126} 0} 0 126 
16 2 Eg ze 0 0} 60 7 0 0 y y| 0} 0 y 
17 EL] £ x 0 0; Oo 63 0 0 y vr 0} 0 y 
18 2 z x 0 0) O 21 0 0 y y| 0} 0 y 
19 2“ z EA 0 OO) 34 0 0 y y| 0} 0 y 
20 z £ x 0 0} 0 39 0 0 y y| 0} 0 y 
21 x x 0 0 0; 0 1 0 0 y 1] 0| 0 1 
22 Z z Ed = el 8. 485 0 9 y 448) y | 0 448 
23 z z z x a) @« 296 0 0 y yi y| 0 y 
24 x z x & Zl 32 0 0 y i Oe 4 y 
25 x Ee z 2 a) 2 177 0 0 y Ug 0 y 
26 £ Z 0 0 0} Oo 44 0 0 y y| vy} 0 y 
27 fo) x x x mAh) 534 0 1 y 486} y| 0 486 
28 zc z x 2 a} 2 38 0 0 y y| y| 0 y 
29 x x i cy a) 59 0 0 y y| ¥} 0 y 
30 £ E £3 x o| 2 401 0 0 y ae 0 y 
31 £ © @ a\> a et) 170 0 0 y yi yl 0 y 
32 z £ z x chee 485 0 4 y 403) 0] 0 403 
33 2 EA oc oy Cdl Fel 309 0 0 y y| 0} 0 y 
34 Ed z 2 z ta\ oe 63 0 0 y y| O| 0 y 
o 0 1 : | | 2 | aol 3 | 28 | ob | aorkl y | 0| aa7 
461,5 1,201 z y yoy y , y , 
a A ‘a @ z Ee z) 62 7,319 1 0 | 153 5,235} y | 0 | 5,285 
£ z 3 Ey a) 2 68 0 y ] y| 0; 0 y 
- Z x 2 Ed oie 7,141 7 12 y y| y| 0 y 
40 cd EA z FA vz 6 108 0 y y yi y| 0 y 
41 2 x a a cle 296 1 0 2 180} 0} 0 180 
42 z Fd x x | 2 193 0 0 2 75} 0} O 75 
43 2 x Fe x al 1 256 | 1 0 y 222) 0} O| 222 
44 z £ z z | 146 0 0 y 65} 0] 0 65 
45 Po 2 £ z a] 2 286 3 1 y 154) 0] 0 154 
- 4 0 a} a! 2 | ote | a3 | as | ast | aol y | | eaor 
fi 4,410 x y yl oy ; ; y : 
rf 2a be £ td £ a| & 4,388 0 0 7] 3,304) y | y | 3,304 
49 x 2 x 2 z] « | 1,231 0 ] y yi uly y 
50 ¢ z 2 x a) 2 475 0 y y yi yl y y 
z z x z Z| & 243 0 y y y) uy) y y 


6 Footnotes to column heads and explanation of symbols are given on page 313. 
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TaBLE 1.—(Continued) 


Oil Production 


Depth, Pressure, Lb. per Character of Oil, Approx. 
vena : Feet | Methods at End of Sq. In.26 a Average during 1937 Character of 
1937 Gas, Approx. 
Average during 
; 1937 
Number of Average at Gravity A.P.I. at 
Wells End of 60° F.26 
pris xo ep je 
of Pro- | of Pro- Ses om 
8 | ductive | ductive =: ss ies a= 
om & mM 
E Wells | Zone . r Ps 1936 | 1937 Z : 3B & us es BS 
; ‘a BS ‘ =s (4 B/35 
2 E 33 2) & | se (S35) 9128] 33 
5 Ez F ‘Bre = |S |e<|e8/g]a°| &® 
1 215 159 0 13 £ z x £ x z y y 
2 0 367 200+ 2 z | 38.4] 28.3 | 34.0) y | M = z 
3 376 | 281 | 0 y x aaa caok| y | 30.0) y |M rz) 2 
4 446 | 334 | 0 y Ps Ee ay y | 33.5) y |M zt) 2 
5| 2,568 | 2,265 | 0 y x aa ere Ney y | 37.0} y | M 2 ia 
6 0 914 A4 x z xz |(36.9)| 27.4 | 33.0] y | M z z 
7 465 | 367 | 0 y x Ze peg y | 34.0} y | M zl] 2 
8 562 478 0 y x x x y y (33.6)} y | M x x 
9 590 | 556 | 0 y z Al eee coe (Pag y |(25.7)) y |M| 2] 2 
10 680 588 0 44 zr z xz | 33.9} 30.0 | (30.3)} y | M x x 
11 0 472 7 x x @ | 37.2) 27.2} 20.2) y | M 2 x 
12 358 | 263 | 0 y t Eat eae y |(31.9)} y | M z| 2 
13 426 | 309 | 0 y z SMe sew len, y |(30.1)} y | M z| 2 
14 505 444 0 y x z x z y (33.6)) y | M z x 
15 0 126 A2 z x z | 37.5] 30.2 | 36.8] y | M x x 
16 411 255 0 y x x Z y y y y y z= z= 
17 511 449 0 y z Cy z y y y y ¥ z z 
18 506 477 0 y x e & y y y y y x z 
19] 1,418 | 1,340 0 y z z £ y y (38.9)} y | M z x 
20| 1,596 | 1,553 | 0 y z a ae sees he y y y |M z| 2 
21} 2,830 | 2,708 0 1 x z x y y (39.6)} y | M 2 z 
22 0 448 zt z Ee 36.2 | 27.2 | 31.0] y | M x 2 
23 486 416 0 y x z x y y y y y = z 
24 451 314 0 y z a x y y y y y x = 
25 508 465 0 y 2 z z y y y 7] y x z 
26 554 534 0 y x x z y y y y y z z 
27 0 486 x z z | 35.1 | 28.5 | 32.2] y»y | M en ee 
28 549 392 0 y z Fa x y y y y y x x 
29 518 453 0 y z z z y y uv y y z= z 
30 570 489 0 y x x z y y y y y v z 
31 618 598 0 y x x z y y 28.5} y |M x z 
32 0 403 | AG5 z x 2 | 35.6} 27.3 | 33.7] » | M x zr 
33 726 561 0 y x z x y y (32.4)) y | M x Z 
34 907 817 0 y z x x y 7] y y y z z 
35 920} 886 | 0 y z a hwesley y | (37.0)} y | M z| 2 
36 0} 3,278 28 x x z | 39.6] 25.8 | 38.0] y 
37 0} 5,285 20 425+ y y | 36.8] 25.1] 38.0] y | M]| 960 2.5 
0 
38 822 508 0 y x # x y 7] 7] 7] y x z 
39 960 900 0 y 30 E) x x | 36.8] 25.1} 32.8} y | M]| 960 2.6 
40} 1,416 | 1,337 0 y x x x y y y y y % ce 
41 975 0 0 180 G2 zr z z | 35.0] 24.3 | 30.1] y y z x 
42} 1,015 995 0 75 | AGI x 2 z y y y 7] i] x x 
43 1,025 | 1,000 0 222 x 7] x y y y y y * x 
44 930 912 0 65 z £ z | 30.4] 22.6] 20.5] y y = 2 
45 945 935 0 154 x 2 z | 26.6| 20.1] 22.5) y y x x 
46 950 930 0 480 A7 r x a | 34.1] 26.5 | 31.8] y y a x 
47 0} 6,406 31 425+ x x | 38.6] 18.5 | 32.3} y | MJ] 960 2.5 
48 0} 3,304 Al 650+ x z | 39.3 | 26.7) 32.9] y | M y 2.4 
49| 1,000 800 0 y 2 z 2 y y y y 7] x v 
50| 1,265 | 1,250 0 y 2 zr x rT] y i] 7] y = z 
51} 1,345 | 1,330 0 y x x x y y 7] y y x z 


24 Numbers in this column indicate numbers of injection wells. 


25 Pressures in the south 


publications, 


_ *6All gravities given prior to 1936 (except those in 
ae Line Co. Gravities in hing Yevacg are for partic 
values have been converted 

27G1, A13 


G1, AGS, Ald. 
2 G17, AG20,A46. 


40 G17, AG20, A46, W1. 
31 G19, AG21, A53, W1. 


rom Baumé to A.P.I. gravit 


ular sam’ 
ies, 


eastern Illinois oil fields are estimated bottom hole pressures reported in previous Survey 


parentheses) were from data for the year 1925 furnished by the Illinois 
ples; see Illinois State Geol. Survey Bull. 54, Table 3. The 
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graph surveys, 17 on geologic surveys, 3 on a combination of seismograph 
and geologic data. Of the 80 wells located without scientific means 8 
(10 per cent) were producers. All of these eight producers were within 
1 to 4 miles of previously discovered production in the Clay City and 


TasLeE 1.—(Continued) 


ee eee eee 


Pr i Ke Deepest Zone Tested 
Necealee to End of 1937 
>= 
2 >it 
8 Name Ages ge A pts Name 
FI 5 . Ba) 3) [See £ 
3 s ES -3 & be Be S 
Z = S | a2 | 8 7282 as 
a g g AS 8 ZAg 3g 
I a 2 2> 2 acs ao 
4 5 a za a 1238 am 
1| Unnamed Pen NS) Por x ML 0 Pen 715 
2 | See below D 103 Trenton 2,918 
3 | Shallow gas sand Pen 8 Por 36 D © 
4 | Westfield lime MisL L Cav 2 D x St. Peter 3,009 
5 | Trenton (Ord) Ord L Por x D x 
6 | See below, D 28 | Dev. limestone | 2,010 
7 | First Siggins sand Pen 8 Por x D % 
8 | Second and third Siggins sand | Pen iS) Por x D 2 
9 | Lower Siggins sand Pen 5 Por x D x 
10 | York sand Pen iS) Por & AM 2 960 
11 | See below AM 20 MisL 808 
12 | Upper gas sand Pen s Por x AM 5 
13 | Lower gas sand Pen Ss) Por fe AM 12 
14 | Casey sand Pen iS) Por ny AM 20 
15 | See below D 5 St. Peter 3,411 
16 | Shallow sands Pen i] Por x D 1 
17 | Casey sand Pen 8 Por x D 5 
18 | Martinsville sand MisL L Por £ D 1 
19 | Carper MisL 8 Por x D 1 
20 | “Niagaran”’ Dev L Por x D 3 
21 | Trenton Ord L Por x D 1 
22 | See below AM 16 Mis 965 
23 | Claypool sand Pen iS) Por z AM 12 
24 | Shallow sands Pen s Por £ AM 4 
25 | Casey sand Pen S Por x AM 12 
26 | Upper Partlow Pen 8 Por x AM 16 
27 | See below AM 29 Mis 1,160 
28 | Claypool sand Pen § Por t AM 3 
29 | Casey: sand Pen s Por x AM 11 
30 | Upper Partlow Pen s Por 2 AM 29 
31 | Lower Partlow Pen i) Por 2 AM 10 
32 | See below AM 15 MisL 1,471 
33 | 500 Ft.” sand Pen iS) Por x AM 3 
34 | “800 Fi.” sand Pen N} Por t AM 3 
35 | “900 Ft.” sand MisU iS) Por 4 AM 12 
36 33+ 216 
37 | See below 34 202 Trenton (Ord) | 4,620 
38 | Shallow sand Pen i) Por x ML x 
39 | Robinson sand Pen . i] Por 25+ ML | 171 Trenton (Ord) 4,620 
40 | Oblong Mis SorL Por © A, ML| 23 Mis 1,479 
41 | Robinson sand Pen 8 Por £ ML 5 MisL 2,056 
42 | Robinson sand Pen § Por fo ML 10 Mis 2,279 
43 | Robinson sand Pen s Por & ML 11 Pen? 1,127 
44 | Robinson sand Pen ) Por x ML 6 | Pen 1,041 
45 | Robinson (Flat Rock) Pen SS) Por © ML 9 Pen 1,032 
46 | Robinson sand Pen iS) Por x ML 12 MisL 1,731 
47 Pen, Mis NS) Por ML | 257 Trenton (Ord) | 4,620 
48 | See below A 84 St. Peter 5,190 
49 | Bridgeport sand Pen 8 Por 40 A 19 
50 | Buchanan Pen § Por 15 A 3 
MisU Ny) Por 15 A 5 


51 | “Gas” sand ‘ 


34 The Salvage Oil and Gas Co.—W. 8S. McGrillis No. 3, sec. 25, T. 8 N., R. 13 W., is producing in the “ McClosky sand’ 


at a depth of from 1409 to 1415 ft. : bp te € 
35 The West Union Oil and Gas Co,—Ducommon No. 1, sec. 28, T.6 N., R. 12 W.., is producing in the McClosky sand 


from 1506 to 1528 ft.. 
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TABLE 1.—(Continued) 


Area Proved, Acres Total Oil Production, Bbl. 


Age, 
Years 
Field, County to 
End of 

. 1937) on =| Gas | Total | ToEnd of 1937| During 1936 
E 
A 
o 
a= | 
4 ae] Paes Peete ee 
52 15,960 220 | 16,180 x z 
53 4,020 200 4,220 = x 
54 6,950 0 6,950 z z 
55 | St. Francisville, Lawrence................0.-+0+ y 420 0 420 z z 
56 | Lawrence County Division’.................... 24,570 1,550 | 26,120 | 221,381,000+ | 1,995,000+ 
57 | Allendale, Wabash...... Bon ARAM ASE LSeC IC 25 1,680 0 1,680 4,272,000+ 133,000+ 
58 Total Southeastern Illinois field®.............. 91,855 3,970 | 95,825 | 419,615,400+ | 4,138,700 
59 | Colmar-Plymouth, Hancock, McDonough........ 24 2,450 0 2,450 287,800 153,000 
60) | Pike County GasePikes cere. a. ake secee 327 0 8,960 8,960 0 0 
61 | Jacksonville Gas, Morgan...................-. 278 30 1,290 1,320 2,100 0 
62 | Carlinville, Macoupin......... Oe cron te reteres 289 30 50 80 = 0 
63 | Spanish Needle Creek, Macoupin............... 2210 0 80 80 0 0 
64 | Gillespie-Wyen, Macoupin..................... 22 40 0 40 z 4,758 
65 | Gillespie-Benld Gas, Macoupin................. 14 0 80 80 0 0 
66 | Staunton Gas, Macoupin.................00005 2112 0 400 400 0 0- 
67 | Litehfield, Montgomery. <... .<..006sc1msaeense, 5813 100 0 100 22,000 0 
68.) Collinsville; Madtsonas.,. 4000+ occas eenneen ce 2814 40 0 40 715 0 
69) Ayers 'Gasy:Bond..)...jc.-0 swoncaeen acnwia cite sie 15 0 325 325 0 0 
70' | Greenville Gas, Bond... 0... 2002006. <.00e0 ees 2715 0 160 160 0 
CLs) ' Carlyle; Clintonteric.mcceet teas ae tee ctome 26 915 0 915 3,317,200+ 28,200+ 
72.)| HeOgtows, Clinton 2422 eon man aeiena nine ee e 1916 300 0 300 0 
73 | Sandoval, Marton... 0.0.2) ...0ccccr s+ see ue cnn 28 770 0 770 2,630,800+ 30,160+ 
74 | Centralia, Marion............. Relea aa eee 27 175 0 175 z y 
75 | Wamae, Clinton, Marion, Washington........... 16 250 0 250 372,750+ 23,200+ 
763) DUDONSE Clans Waraaeek ven Bebe paris tae eer 9 670 0 670 910,775 53,100 
TZ Waterloo, Afonraés.).c ae. cae ase cater ce coe 177 125 0 125 166,000 0 
78 | Sparta Gas, Randolph.............0.c0e-sceees 2018 65 100 165 2 0 
79 | Ava-Campbell Hill, Jackson.................4. 2019 70 370 440 25,000 0 
SO: \\Bartelso, Clinton: mrag....0 - sateen on aaq ee ee 3 93 0 93 91,700+ 40,700+ 
SE | Patoka, Maron sc. wis akios. insti size sah ee 1 310 0 310 425,000 0 
82 | Clay City, Clay, Wayne................20 cece, 1 842 0 842 1,556,260 0 
B31] Cisne, Wayne.” tnt obra tanaka tara Bese oe ek 1 30 0 30 20,500+ 0 
$4)! Noble, Richland siiciy5. 0s 02+ se oeh a ee sen wae + 1 470 0 470 947,340 0 
85) | RinardssW Gynec sox) vais case nee ae gos 1 10 0 10 2,100+ 0 
86 | Beecher City, Fayette..........:.0.cceeceveees 1 10 0 10 y 0 
87 | Beecher City,?° Fayette.............c0ceceeeces 1 10 0 10 100+ 0 
88 | Olney, Richland... ......0.eccceseseneee scene 1 10 0 10 600+ 0 
89 | Centralia (New), Clinton...............000-00e 1 20 0 20 5,000+ 0 
60’) Decatur: Macon: 2 3635). GNaaterees ome ane ealca 121 10 0 10 600+ 0 
91 | Russellville Gas, Lawrence.............0..0.005 1 0 10 10 0 0 
92 "Lobal Dinoinss non oe aciicneeae nana eck 99,720 | 15,785 | 115,500 | 432,921,00023 | 4,445,00023 

5 Total of lines 48 and 55. 

6 Total of lines 36, 47, 56, 57. 

7 Abandoned 1930. 

8 Abandoned 1937. 

® Abandoned 1925+. 

10 Abandoned 1934. 

1 Abandoned 1935. 

12 Abandoned 1919, 

13 Abandoned 1904. 

14 Abandoned 1921. 

1 Abandoned 1923. 


16 Abandoned 1933. 

17 Abandoned 1930. 

18 Abandoned 1900. 

0 tthe disor Leger Re ed back to the C 

20 The discovery well was plugg to the Cypress sand in February 1938. 
21 Wells drilled in 1922 and 1924; first production in 1937, hg 
22 Total of lines 58 to 91. 


% The total oil production is the figure furnished by the U.S. B f Mi i 
given in the table, which were obtained from other pl K Seba he er trates Par toe Schober 
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Noble fields. Of the 47 wildcat wells located by scientific means, 11 
(23 per cent) were producers. 


NATURAL GAS 


There are now two gas fields in Illinois from which gas is marketed 
off the producing leases, the Ayers field, Bond County, now 15 years old, 
and the Russellville field, Lawrence County, discovered in 1937. The 
Ayers field furnishes gas for the town of Greenville. One producing 
well was drilled in this field in 1937 (see Table 1, line 69). In the Russell- 
ville field gas is produced in two wells from sandstones in the Pennsyl- 
vanian at depths of 288 and 619 ft., respectively. The gas is transported 


TaBLE 1.—(Continued) 


ee ————————— 


Seg GAO eas oe eee Number of Oil and/or Gas Wells 
During 1937 At End of 1937 
Daily = 3 

, | During 1937 Average | To End of a 2 = 

3 during 1937 2 S aso | 6 

| Nov. 1937 S a IES 4) z BS |e | we, | ws] ah = 

3 ay ay Bre oe 3 a 2A | 6a |e 3)e8 Ss 
Z e |e |e] 28) 2) 8 | 83] 25 BS/8o| a8 
0) a> S oR ra = inc! ite) 
Z B| 2 |22| é=| & | 4 | 22 (25 BEES) 24 
52 x x x x til & 3,017 0 y y yoy) ¥ y 
53 x én x aA | a 684 0 y y yy y| ¥ y 
54 x z z z idl 957 5 y y y| y| 0 y 
55 a a z x z x 54 0 y y 45) y| y 45 
56 | 2,038,046+ 5,584+ x y y| oy | 9,174 5 18 59 | 3,277) y | y | 3,277 
57 | 139,201+ 381+ x y y| oy 420 9 6 0 322} y | 0 322 
58 | 4,278,892+ | 11,578+ x y y| y |19,035 | 30 67 281 | 18,283) y 1 | 13,284 
59 | 147,809 398 0 0 Oa) 475 | 12 0 71 206) 0| 0 206 
60 0 0 Lz 0 0; 0 68 0 0 0 0} 0| 0 0 
61 0 0 x 0 0; 0 53 0 y y 0) 0); 0 0 
62 0 0 z 0 0; 0 8 0 0 0 01:03) 0 0 
63 0 0 14.4 0 0} 0 if 0 y 0 0} O| 0 0 
64 400 0 0 0 0; 0 22 0 0 12 0} oO} 0 0 
65 0 0 135.8 0 0} 0 4 0 0 0 0} Oo} 0 0 
66 0) 0 1,050 0 0} 0 18 0 0 0 0} Oo} 0 0 
67 0 0 x 0 0} 0 17 0 0 0 0; 0} 0 0 
68 0 0 0 0 a 5 0 0 0 0} 0} 0 0 
69 0 0 143,800 | 37,047] 26,353) = _y 18 1 2 0 0) On 9 9 
70 0 0 990 0 o| 0 4 0 0 0 0} O| 0 0 
71 28,200+ Uae 0 0 0; 0 165 1 3 30 Tz 09)" 0 77 
72 0 0 0 Oe 0) 12 0 0 0 0) 0) 0 0 
73 23,800+ 70+ 0 0 Oo; 0 122 0 9 y 36] 0} 0 36 
74 y y 0 0 ol 0 22 0 0 y 3} 0} 0 3 
75 19,750+ 55 0 0 0; 0 103 0 1 y 45) 0} 0 45 
76 33,175 106 0 0 0} 10 237 0 20 0 25), 0:0 25 
77 0 0 0 0 o|} 0 23 0 0 0 01 20110 0 
78 0 0 x 0 o| 0 20 0 0 0 0} 0} 0 0 
79 0 0 L 0 0} 0 35 0 0 0 0} 0} 0 0 
80 51,000+ 140 0 0 0; 0 21) 12 1 0 90/0) 0% 20 
81 | - 425,000 2,464 0 0 o| 0 93 | 93 0 0 931 07} 0 93 
82 | 1,556,260 7,987 0 0 0} 0 80 | 80 0 0 80} 0} 0 80 
83 0,500+ 0 0 0; 0 3 3 1 0 ZI O50 2 
84 | 947,340 10,033 0 0 0} 0 47 | 47 0 0 47; 0} 0 47 
85 2,100+ 0 0 o| O 1 1 0 0 1/0) 0 1 
86 y 0 0 0 0} =O 1 1 0 0 L07)40 1 
87 100+ 0 0 0 0} 0 1 1 0 0 I 0170 1 
88 600+ 0 0 0 0} 0 1 1 0 0 1; 0| 0 1 
89 5,000+ 0 0 0 0} =O 2 2 0 0 2} 0; 0 2 
90 600+ 32 0 0 0} 0 2 2 0 0 2) 3070 2 
91 0 0 2,288 0} 2,288} 0 2 2 0 0 OF 0) 2 2 
92 | 7,426,000 | 33,026 z y y| y |20,727 | 289 | 104 | 394 13,925) y | 12 | 13,937 
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east across the state line by a new 3-in. pipe line of the Kentucky Natural 
Gas Co. to Oaktown, Indiana. 

In the new oil fields some gas is produced with the oil; and it is used 
for power on the leases. Few data are available on the amount of gas 
produced. The largest initial production reported was 214 million cu. ft. 
(estimated) for Ohio Oil Company’s Arbuthnot No. 1, the discovery well 
of the Noble field. 

The Wiser Oil Company’s Damon Smith No. 1, which opened a 
northern extension of the Clay City field, had an initial daily production 


TaBLE 1.—(Continued) 


Oil Production 5 
Depth, Pressure, Lb. per Character of Oil, Approx. 
Average in Feet mca End of Sq. In.% Average during 1937 Character of 
, Approx. 
Average during 
Number of Average at Gravity A.P.I. at am 
Wells End of 60° F.26 
a ane R 
of Pro- | of Pro- iti a 
3 ductive | ductive = 3 aes a - 
g| Wells ne 2, ee 1936 | 1987 | § d | Belee Ee 6 
2 eta tah a | & | 38 |25/, | 5% | os 
2 B 2 a| & lee |Bs sf | as 
5 2| 2 | 2s = | 5 |s<|ge ao | g& 
52} 1,480] 1,400 0 y 600+ z z y y y y x z 
53 1,580 | 1,560 0 y 650 z z y y y y 2 2 
54 1,710 | 1,700 0 t z zt y y y y z = 
55 1,865 | 1,843 0 45 600 z z 37.3 | 37.3 | 37.3] y = x 
56 0} 3,277 Al z 2 z 
57 1,460 | 1,425 0 322 | W6, Al 2 x z 35.9 | 24.1 | 35.1] y = x 
58 0} 13,283 32 39.3 | 18.5 | 33.1 y 2.4 
59 468 447 0 206 | A68 2 x z y y y y 0 
60 275 265 0 0 2 x 2 z z 
61 335 330 0 0 z 2 F z x s z 850 y 
62 398 380 0 0 135 - x Z 2 ist | 8 x z 
63 405 305 0 0 y y 7] y y 
64 670 650 0 0 x x x a z F 
65 555 542 0 0 155 x x 788 y 
66 491 461 0 0 145 x x x x 
67 674 664 0 0 a 2 E x x £ 
68 1,400 | 1,305 0 0 z z x z x x 
69 945 940 0 0 335 310 | 310 1,050 0 
70 993 927 0 0 « zr Ea 0 
71} 1,055 | 1,035 0 77 A28 a x z | 37.0 | $4.2 7] y £ = 
72 957 0 0 0 x x 7] y y y y 2 < 
73| 1,560 | 1,540 0 36 2 2 2 | 35.1] 32.7 y y 
74| 1,150 | 1,130 0 3 x E z | 35.0} 31.0 x = 
75 760 720 0 45 | W21 x z 4 30.8 | 29.3 y P 
76 651 601 0 25 x 2 x 7] y y 7] 
77 460 410 0 0 2 x z | 30.1] 29.5 x x 
78 857 850 0 0 x # E 2 2 x z 2 z 
79 798 780 0 0 £ 2 2 z F 2 x co < 
80} 1,010 986 0 20 F 4 x x y 7] y y z 2 
81} 1,440 | 1,424 0 93 7] z z | 39.8] 39.3 y 7] x z 
82] 3,002 | 2,968 4 76 250 2 y | 38.8] 38.0 y y x x 
83} 3,026 | 2,990 | 0 2 x On oa yh hay yly sl oe 
84} 2,991 | 2,961 | 24 23 450 0 | 250+] y 7] y y x x 
85| 3,154 | 3,144 0 1 x 0 x y y y y x E 
86| 1,503 | 1,497 1 275 0 x y y y y x = 
87} 3,100 | 3,070 0 1 x 0 x v y ry] y x x 
88} 3,083 | 3,065 0 1 < 0 E y y y y x z 
89} 1,870 | 1,342 0 2 2 2 2 y y" y y x z 
90] 2,076 | 2,020 0 2 x 0 x y y y y z z 
91 { 310 288 0 0 140 0 x a x x 4 
622 | 619 | 0 0 261 Bee ee ae z v7 |g 
92 28] 13,897 


82 G20, AG26, A74, W7. 
43 G20, AG26, A170, W28. 


be | A 
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of 200,000 cu. ft. of gas and 1400 bbl. of oil, or a gas-oil ratio of 143 cu. i 
per barrel. The average gas-oil ratio in the Clay City and Noble fields 
probably does not exceed 200 or 300 cu. ft. per barrel. 

Gas discoveries in which the gas is not used outside of the producing 
leases were made near Longview in Champaign County and near Marissa 
in St. Clair County (Table 2, line 101). The former well was drilled to 
the Devonian and plugged back. It was not completed until 1938. 


TaBLE 1.—(Continued) 


. A eee eee 


. Deepest Zone Tested 
Producing Rock to End of 1937 
>8 
a8 
3 Ds 
F Name Age em A pe Name 
J g BI na oa zs] S . 
: B | & | 38) & | gee Sm 
3 Re el Se Aa a a8 
o & [*) 
a 5 x Sah en a am 
52 | Kirkwood MisU S Por 30 A 10 
53 | Tracey MisU s Por 20 A 11 
54 | McClosky MisL Lv Por 10 A 24 
55 | Kirkwood MisU § Por 22 ML 0 Mis 1,900 
56 84 St. Peter 5,190 
57 | Biehl sand Pen 8 Por 20 AM an MisL 2,228 
58 
59 | Hoing sand Dev s Por 21 A 8 St. Peter 720 
60 | ‘‘Niagaran”’ Sil L Por 10 A 0 St. Peter 893 
61 | Gas sand Pen, Mis §, SL Por 5 ML 8 Trenton (Ord) | 1,390 
62 | Unnamed Pen iS) Por x A 0 Pen 410 
63 | Unnamed Pen s Por x D 1 Pen 495 
64 | Unnamed Pen $ Por x T 14 Trenton (Ord) | 2,560 
65 | Unnamed Pen 8 Por x A 0 Pen 575 
66 | Unnamed Pen i) Por a A 0 Trenton (Ord) | 2,371 
67 | Unnamed Pen s Por £ D 0 Pen 681 
68 | Trenton Ord L Por 20 ML 0 Trenton (Ord) | 1,500 
69 | Lindley (2d) MisU $ Por 5 A 2 MisL 1,150 
70 | Lindley (1st, 2d) MisU s Por x A 0 Mis 1,065 
71 | Carlyle MisU 8 Por 20 A 17 Sil 2,620 
72 | Carlyle MisU 8 Por 7 D 0 Carlyle y 962+ 
73 | Benoist MisU 8 Por 20+ D 7 ‘| Mis 1,732 
74| Dykstra, Wilson, Benoist Pen, MisU iS) Por 20 D, ML 6 MisL, 1,779 
75 | Petro Pen 8 Por 20 D 0 Benoist 1,484 
76 | Trenton Ord L Por, Cav| 50 A 0 Trenton (Ord) 819 
77 | Trenton Ord L Por 50 A 19 Trenton (Ord) 845 
78 | Sparta gas sand MisU is] Por 7 D 5 MisU 985 
79 | Unnamed MisU iS) Por 18 A y Dev 2,530 
80 | Carlyle MisU Sy) Por 20 D 3 MisU 1,118 
§1 | Benoist*6 MisU § Por 16 A 18 MisL 1,618 
82 | Ste. Genevieve®” MisL L Por 8.7 A 8 | MisL 3,197 
83 | Ste. Genevieve MisL §,L Por 8 A? 1 MisL 3,144 
84 | Ste. Genevieve MisL L Por 9.7 A 5 MisL 3,098 
85 | Ste. Genevieve MisL L Por 5 A 0 MisL 3,154 
86 | Benoist MisU 8 Por 6 Dev 3,170 
87 | Niagaran Dev L Por A? 0 Dev 3,170 
88 | Ste. Genevieve MisL L Por ii A 0 | MisL 3,083 
89 | Benoist MisU 8 Por 26 A 0 MisU 1,384 
90 | Niagaran Dev L Por 30 N 0 Trenton (Ord) | 2,800 
91 Pennsylvanian sand Pen § Por 22 } A 3 MisL 2,012 
Pennsylvanian sand Pen 8. Por 3 
92 699+ 
roducing from the Ste. Genevieve 


T.4N.,R.1E,, is pi 


limestone at a depth of 1562 ft. é ; . 
37 i ’3 Weiler No. 1, sec. 33, T.3 N., R.8 E., the discovery well in the Clay City field, produced from 
Lua alae are fe ber 1937, when it was drilled deeper to the MecClosky sand and the Cypress sandstone was 


cased off. 
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TABLE 2.—Summary of Drilling Operations in Illinois 


Important Wildeats Drilled in 1937 


Initial 
Location Production 
per Day 
42 Deepest : 
County Sec. | Twp. | Ree. | ™ at ri in i Drilled by Gas, 
. a Tested oi, | Mil- 
——|—___ a U. 8, | Hons 
: : bi || 2 
ur~ 5 
Wee Lat. | Long 2 Ft. a 
& 
1 16 | 5N] 3 W | 1,087] Pleistocene | Chester Hempen and Burgess Dry 
2 -| 11] 6N| 5 W|3,101) Pleistocene | St. Peter | | Huber Drilling Corp. Dry 
3 | Christian... 29] 12N| 2W 1,122} Pleistocene | Lower Missis- | Nokomis Oil Co. Dry 
sippian 
4 | Christian...] 36 | 15N]| 2 W | 1,964] Pleistocene | St. Peter Parshall-Graham Oil Co. Dry 
5 | Christian. . 27 | 12N]} 2 W/3,112] Pleistocene | “Trenton” Roger Bros. et al. Dry 
Gil Clayn aac: 33 | 3N] 8E | 2,613] Pleistocene | Cypress : Pure Oil Co. 401 
Aa Clay steee sas 33 | 3N] 8E | 2,960) Pleistocene | Ste. Genevieve | Pure Oil Co. 2,642 
Si Clayts sees 28 | 3N]| 8E | 2,987] Pleistocene | Ste. Genevieve | Wiser Oil Co. 1,400 
9 | Clay....... 12 | 2N| 6E /3,163) Pleistocene | Ste. Genevieve | Benedum Trees Co. Dry 
10) Clayee =) i 8 | 2NJ| 8E | 3,057] Pleistocene | Ste. Genevieve | Gordon Oil Co. 1,226 
If (Clays: Saige 29 | 3N] 8E |3,067| Pleistocene | Ste. Genevieve ee Development Dry 
oO. 
12: \\Clay ssn 14 | 3N]| 8E | 3,036) Pleistocene | Ste. Genevieve | Elmer Hupp etal. 25 
13%) Clay.iaiee 2/ 3N] 6E 3,112) Pleistocene | Ste. Genevieve | Leonard Drilling Co. Dry 
14) Clay orcas 17} 3N]| 7E |3,002} Pleistocene | Ste. Genevieve | Jack Shaffer et al. Dry 
Ibi Clayicdsns ne 23 | 3N]/ 8 E | 3,183} Pleistocene | Ste. Genevieve ——— Development Dry 
‘0. 
16;]' Clay <.j0, 29 | 4N] 8E |3,234! Pleistocene | St. Louis Gulf Oil Corp. Dry 
AC Clavacrnvct 7) 3N]| 8E | 3,075) Pleistocene | Ste. Genevieve | C. H. C. Oil Co. Dry 
18:'Clay. <2. 31 | 4N] 8E |3,072| Pleistocene | Ste. Genevieve | Bonnie Oil Co. Dry 
19 | Clinton..... 32 | 2N] 3 W/1,051| Pleistocene | Cypress J. E. Newton et al. Dry 
20 | Clinton..... 11 1N| 2 W/ 1,365} Pleistocene | Chester Carl Willi et al. Dry 
21 | Clinton..... 28 | 2N] 3 W/ 1,206! Pleistocene | Paint Creek W. C. McBride Inc. Dry 
22 | Clinton..... 12} 1NJ] 2 W/}1,361) Pleistocene | Chester Carl Willi et al. Dry 
23 | Clinton. .... 13 | 3N] 1W 1,504] Pleistocene | Bethel Patoka Pet. Corp. Dry 
24 | Clinton..... 2} 1N| 2 W/1,567| Pleistocene | Ste. Genevieve | Adams Oil and Gas Dry 
25 | Clinton..... 6 | 1N] 3 W} 1,429) Pleistocene | Ste. Genevieve | Willis et al. : | Dry 
26 | Clinton 28 | 2N] 3 W/1,515] Pleistocene Lower Missis-| W.C. McBride Inc. Dry 
sippian : 
27 | Clinton..... 4] 1N] 2W/1,521) Pleistocene Lower Missis-| Wise and Goldschmidt Dry 
sippian 
28 | Clinton..... 27 | 3N] 1W} 1,454] Pleistocene | Bethel Adams Oil and Gas Dry 
29 | Clinton..... 2|} 1N] 1 W/} 1,384! Pleistocene | Bethel Adams Oil and Gas 156 
30 | Clinton..... 26 | 3N] 1 W/1,724| Pleistocene | Ste. Genevieve | McClanahan Oil Dry 
31 | Clinton..... 3 | 2N]| 4 W/ 1,235] Pleistocene Lower Missis-| W. C. McBride Inc. Dry 
sippian 
32 | DeKalb..... 35 | 41 N| 5 E | 4,348] Pleistocene | Pre-Cambrian | Paul Schulte et al. Dry 
33 | DeKalb... . 27 | 42N| 3E | 2,970] Pleistocene | Cambrian Barton et al. Dry 
34 | Edgar...... 18 | 12N/}13 WJ 500] Pleistocene Pennsylvanian | Hassett et al. Dry 
35 | Edwards 3 | 28 | 10E | 4,932] Pleistocene Lower Missis- | Leach Brothers Dry 
sippian 
36 | Effingham 5 | 7N] 6E | 2,100} Pleistocene | Chester W. H. Hazlett et al. Dry 
37 | Effingham 5 | 7N] 6E |3,150} Pleistocene | Lower Missis- Tures Mitchell and Dry 
sippian ett 
38 | Effingham. 26 | 6N] 5E /4,117/ Pleistocene | “ Ni aran” Rinerondand Garter Ol Dry 
39 | Effingham 11 | 8N| 7E | 2,660) Pleistocene | Ste. Genevieve | Carter Oi Dry 
40 | Fayette..... 31. | 5N} 3E | _ 172! Pleistocene | Pennsylvanian | 0. A. Davis et al. Dry 
41 | Fayette..... 16 | 5N| 3E | 2,292] Pleistocene | Ste. Genevieve | Rush and Milleken Dry 
42 | Fayette..... 20 | 4N] 1 W | 1,498] Pleistocene | Chester as Beaton and Dry 
43 | Fayette 36 | 7N| 1W/2,000} Pleistocene | Lower Missis- Unteertal Service Drill- Dry 
sippian ing Company 
44 | Fayette..... 13 | 4NJ 1W} 1,601) Pleistocene | Ste. Genevieve | C. B. Tul et al. Dry 
45 | Fayette..... 35 | 4N] 1W/ 1,609} Pleistocene | Ste. Genevieve | Belcher et al. Dry 
46 | Fayette... . 16 | 7N/ 2E | 2,163} Pleistocene | Ste. Genevieve | Oil Development Co, Dry 
47 | Fayette..... 12 | 8N}| 3E | 3,100} Pleistocene |‘Niagaran” | Carter Oil Co. 572 
48 | Fayette..... 15 | 8N| 3E | 1,503] Pleistocene | Benoist Carter Oil Co. 2003 
49 | Fayette..... 24 | 6N/] 1 W |3,155] Pleistocene | Silurian Benedum Trees Dry 
50 | Fayette..... 6N]| 1E | 1,733] Pleistocene | Ste. Genevieve | Hausmann et al. Adams Dry 


2In 17 hours. 
3 Estimated. 


1Cut 8 it cent with salt water. 
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TABLE 2.—(Continued) 


wot AE ea ee eee ee 


Important Wildcats Drilled in 1937 


F Tnitial 
Location Production 
per Day 
+s Surface Deepest : 
County Sec. | Twp. | Ree. - | Formation Horizon Drilled by Gas, 
a Tested Oil Mil- 
ee 4 | lions 
U.S. 
Sur A ae lop 
laa wae be a 
vey Lat. | Long g Ft I 
yea & ea 
51 | Greene. .... 25 | 10N|13 W| 800 Pleistocene | “Trenton” Witt, Godey, and Robe Dr 
52 | Hamilton 92 | 38 | 7E |3,452/ Pleistocene | Ste. Genevieve | J. G. Buell 2 Dry 
53 | Hamilton 32 3 W| 5§E |3,324| Pleistocene Chester A. H. Carpenter et al. Dry 
54 | Jasper...... 18 | 7N | 14 W | 1,104! Pleistocene Pennsylvanian | William Goodwin Dry 
55 | Jasper...... 24| 8N]| 8E | 3,504! Pleistocene Ste. Genevieve | H. H. Weinert Dry 
56 | Jasper...... 10 | 7N| 8E |3,205) Pleistocene St. Louis W. R. Anderson et al. Dry 
57 | Kane....... 35 | 40N| 8E 670| Pleistocene | St. Peter Edward Duvall et al. Dry 
58 | Lawrence 30 | 5N/10W| 622! Pleistocene Pennsylvanian } Warren Hastings et al. 0.824 
59 |Lawrence...| 30] 5N|10W | _ 660! Pleistocene Pennsylvanian | Warren Hastings et al. Dry 
60 | Lawrence...) 30] 5N | 10 W | 2,012| Pleistocene Salem Warren Hastings et al. Dry 
61 | Lawrence...| 30] 5N|10W| 310} Pleistocene Pennsylvanian | Warren Hastings et al. 0.250 
62 | Lawrence...| 30| 5N|10W] 830} Pleistocene Pennsylvanian | Warren Hastings et al. Dry 
63 | Lawrence...| 29 | 5N|10W| 657/ Pleistocene Pennsylvanian | Warren Hastings et al. Dry 
64 | Lawrence 29 | 5N|10W]| 719) Pleistocene Pennsylvanian | Warren Hastings et al. Dry 
65 | Lawrence 16 | 3N| 10 W |3,302| Pleistocene | ‘‘ Niagaran” Strauss et al. Dry 
66 | Madison 94 | 5N| 8 W/1,987| Pleistocene | “Trenton” T. C. Havelka Dry 
67 | Marion. .... 91 | 4N| 1E | 1,418] Pleistocene | Bethel Adams Oil and Gas 524 
68 | Marion..... 97| 4N| 1E | 1,679) Pleistocene | Ste. Genevieve Wiser Oil Dry 
69 | Marion... .. 299 | 4N]| 1E | 1,612 Pleistocene | Ste. Genevieve Adams Oil and Gas 29 
70 | Marion..... 98 | 4N| 1E | 1,425) Pleistocene | Bethel Illinois Nat. Oil and Gas | 300 
71 | Marion..... 92 | 4N| 15 |1,707/ Pleistocene Chester Ray Brown et al. Dry 
72 | Marion..... 32 4N| 1E | 1,616) Pleistocene | Ste. Genevieve | Adams Oil and Gas Dry 
73 | Marion..... 1| 3N| 2£E |2,515] Pleistocene | Lower Missis- Texas Co. Dry 
sippian 
74 | Marion..... 4| 4N| 3E |3,671| Pleistocene | ‘ Niagaran” Carter Oil Dry 
75 | Marion..... 18 | 4N| 1E | 1,725} Pleistocene | Ste. Genevieve | Ralph Ayers et al. Dry 
76 | Marion. .... 95 | 3N| 2E | 2,439) Pleistocene | Ste. Genevieve | Helmrich and ‘Payne Inc. Dry 
77 | Marion..... 3 | 3N| 1E | 1,575| Pleistocene | Chester Roy Benoist Dry 
78 | Marion..... 17 | 3N| 2E | 2,500] Pleistocene | Lower Missis- | Target Drilling Co. Dry 
sippian 
79 | Marion..... 18 | 3N| 1E | 1,706) Pleistocene | Ste. Genevieve | Shell Pet. Corp. Dry 
80 | Marion..... 33 | 4N]| 1 | 1,530) Pleistocene | Chester Palmer et al. Dry 
81 | Marion..... 33 | 4N]| 15 |1,717| Pleistocene | Ste. Genevieve | J. Alexander et al. Dry 
82 | Marion..... 33 4N| 1E |1,477| Pleistocene | Bethel J. Alexander et al. Dry 
83 | Marion..... 33 | 4N]| 1E | 1,482) Pleistocene Bethel J. Alexander et al. Dry 
84 | Mason...... 92 | 23N| 7 W}/1,000| Pleistocene | “ Niagaran”’ Werner Brothers Dry 
ROM CREY: nels) in r= 5 | 68 | 1 W|5,257| Pleistocene | St. Peter Howard Forester Dry 
86 | Pikes. ca. 24 | 5S | 3W| 750) Pleistocene “Trenton” Super Oil Co. Dry 
87 | Randolph 31 | 48 | 5 W | 1,003} Pleistocene | Chester Tom Cain et al. Dry 
88 | Richland.... 31 3N]| 95 | 2,990) Pleistocene | Ste. Genevieve | Ohio Oil Co. | 1,996 
g9 | Richland....| 34] 4N]} 9E |3,010 Pleistocene | Ste. Genevieve eh Oil and Re-|1,501 
ng Co. 
90 | Richland....| 12] 3N]| 8 {3,099 Pleistocene | Ste. Genevieve | Keith and MacMahon Dry 
91 | Richland....| 22 | 3N]10E |3,252 Pleistocene | Ste. Genevieve | Neely et al. Dry 
92 | Richland....| 16| 3N| 9 | 2,961 Pleistocene | Ste. Genevieve | Southern Ill. Pet. Co. 145 
93 | Richland....| 27} 4N]| 9E 3,007| Pleistocene | Ste. Genevieve | C. L. MeMahon Dry 
94 | Richland....| 14] 3N] 8 E | 3,043] Pleistocene | Ste. Genevieve | Robinson and Gordon 92 
95 | Richland.... 3 | 2N|10E | 3,235) Pleistocene Ste. Genevieve Wiser Oil Co. Dry 
96 | Richland....| 28 | 3N]| 9E | 3,046 Pleistocene | Ste. Genevieve Moreenots Oil and Re-| 250 
ing Co. 
97 | Richland.... 5 | 3N| 14 W | 3,248] Pleistocene Ste, Genevieve Hollingsworth Dry 
98 | Richland....| 18 | 3N | 10 E | 3,083) Pleistocene | Ste. Genevieve Frost et al. 50 
99 | Richland....| 31] 5N| 9H 3,200] Pleistocene | Ste. Genevieve Bienes and Mc- Dry 
ahon 
~ 100 | RockIsland.| 28 | 20N} 2 E | 1,353} Pleistocene Ordovician Rockdale Oil and Gas Dry 
3 101 | St. Clair....| 36 | 35 | 6 W| 800] Pleistocene | Chester W. A. Holt Dry® 
102 | St. Clair. . 18 | 198 | 7 W | 2,013) Pleistocene “Trenton” A. J, Colgan et al. Dry 
103 | Shelby...... 14 | 10N| 6E | 2,384| Pleistocene Ste. Genevieve | J. A. English et al. Dry 
104 abash..... 97 | 1N | 12 W | 1,480} Pleistocene Pennsylvanian | Patton Oil Co. | 20 
105 | Wabash..... 97 | 1N| 12 W | 1,610] Pleistocene Chester Coastal Producing Co. Dry 
106 | Wabash. .... 7 | 1N| 11 W | 1,510) Pleistocene Pennsylvanian | Mahutska Oil Dry 


4 Natural flow through }4-in. choke. | peal 
5 Small gas production, used for heating one building. 
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ACIDIZING IN THE New Basin FIELDS 


Almost all of the wells drilled in the Clay City, Cisne and Noble 
fields have been acidized. Wells having a small thickness of oil saturation 
or saturation with low permeability are treated before the well is put on 
production. Wells with high initial productions, which were not acidized 
at the time of completion, have been acidized when the daily production 
declined considerably. In almost every well treated production was 
increased to some extent, varying from slight increases up to fourfold. 
The wells are treated with 1000 to 4000 gal. of acid. 


ImprovepD Recovery Meruops IN THE OLD FIELDS 


The slow adoption of improved recovery methods in the old fields 
is due partly no doubt to the intense interest and activity in the new fields 
of the state. 


TABLE 2.— (Continued) 
a a ee ee ee 


Important Wildcats Drilled in 1937 


Initial 
Location Production 
per Day 
= | Surface Deepest : 
County at : Horizon Drilled by Gas, 
Sec. | Twp. | Ree. . Formation Tested oi, | Mil 
ee | El PS | Us. lions 3 
as a Bol. | @f : 
vey Lat. Long $ Ft § 
a a= 
107 | Wabash..... 28 | 1N | 13 W| 1,863] Pleistocene Pennsylvanian | Joe Young et al. Dry 
108 | Wabash..... 7] 1N | 11 W | 2,225] Pleistocene | Ste. Genevieve Adams Corners Oil Co. Dry 
109 | Wabash..... 17 | 1N | 12 W/ 1,560) Pleistocene Pennsylvanian | George Randolph et al. Dry 
110 | Wabash..... 18 | 1N | 12 W/ 1,644) Pleistocene | Chester Cecil Keneipp | Dry 
111 | Washington.) 22 |} 18 | 4 W} 1,002! Pleistocene Chester Sunflower Oil Co. Dry 
112 | Washington.| 22] 18 | 5W]| 990] Pleistocene Bethel Sunflower Oil Co. Dry 
113 | Washington.} 36 | 1N] 2 W| 1,666) Pleistocene Ste. Genevieve | Milliken et al. ( Dry 
114 | Wayne...... 26 | 1N| 7E | 2,987] Pleistocene | Ste. Genevieve | Pure Oil Co. 100 
115 | Wayne....../ 26] 2N] 8 E | 3,066] Pleistocene Ste. Genevieve | Myers and Fitzpatrick 56 
116 | Wayne. 33 | 2N) 7E | 3,154] Pleistocene | Ste. Genevieve Benedum and Trees 50 
117 | Wayne...... 30} 2N] 8E | 3,040} Pleistocene | Ste. Genevieve Andy Bruner Dry 
118 | Wayne...... 11 | 18 | 7E | 8,412] Pleistocene | Ste. Genevieve rare s Oil and Re- Dry 
ing Co, 
119 | Wayne...... 27 | 2N] 8E | 3,040} Pleistocene | Ste. Genevieve | Duncan Oil 583 
120 | Wayne...... 21 | 2N] 5E | 3,313} Pleistocene | St. Louis Benedum and Trees Dry 
121 | Wayne...... 12} 1N]/ 6E /3,314 Pleistocene | Ste. Genevieve | Benedum and Trees Dry 
122 | Wayne...... 28) 2N| 7E | 3,085 Pleistocene | Ste. Genevieve | Benedum and Trees Dry 
123 | Wayne...... 31 | 25 | 6E | 3,042] Pleistocene | Ste. Genevieve a R. Washburn Pet. Dry 
b orp. 
124 | Wayne...... 33 | 2N] 7E |3,280 Pleistocene | Ste. Genevieve | Benedum and Trees Dry 
125 | Wayne...... 4] 1N| 7E |3,216| Pleistocene | Ste. Genevieve acer Development Dry 
0. 
126 | White...... 5} 48] 8E |3,405 Pleistocene | Ste. Genevieve | Johnson and Cozart Dry 
127) Will. nthe ssc 25 | 35 N | 12 E | 2,063) Pleistocene | Cambrian Nelson et al. Dry 


i 


In Proven Fields | Wildcats 


nate og Riana ales ey Aged 14 
umber of oil wells completed during 1937........ 262 22 

Number of gas wells completed during“ 1067-;ticvens seen nanan 1 

Number of dry holes completed during: 1037 “ys yee eet: cake Bee 56 104 


ae? 
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TABLE 3.—Summary of Drilling and Initial Production in Illinois for 1937 


tein. ean gabe: ol els Drilled |, .a0e i) a...) ia he 
. in 1937 Total Initial Footage Drilled in 1937 
ounty Total Total Production 
Completed Eroducing - Total Producing 
Oil Gas Oil¢ Gas? oe Wells 
HBO etre cena witha: Or 5 0 1 1.000¢ 7,102 951 
@hristianiees aanic...02% 3 0 0 7,237 0 
(Gide en See ory aCe ae 3 u 9 3,484 2,387 
(Cliiertae koe cee 91 75 39,7107 268,963 | 219,314 
(CIN eO3 08s 5 pee os Ore 29 15 1,1659 34,979 14,559 
(Cll Geisks pats eee il 0 0 355 0 
G@rawtordee oes ote. 20¢ 13 160 21,764 14,956 
DOW aD xe arae ne a 2 0 0 7,318 0 
(Deane aretere rao 1 0 0 500 0 
Edwards 1 0 0 4,932 0 
PMO NAIM cave scic «os 4 0 0 12,027 0 
ayette...- 11 2 300? 20,826 4,603 
Greenees nents oo nl 1 0 0 800 0 
(elaaail totic ae. sae oe 2 0 0 6,776 0 
ea mcOg keg dah) van cere 2 0 0 1,184 0 
RAG) Ofelia lentes ot oe rereica 3 0 0 7,813 0 
Kane 1 0 0 670 0 
UA WLENCE, cept gact se 13 One 118 | 1.074 18,352 10,178 
McDonough.......... 15 12 50 6,607 5,332 
IMAGISON. ao. 5s ws ba 5 1 0 0 1,987 0 
IN gle so te es Nes et nena 122 93 6,499* 169,632 | 124,073 
MV EOS ie ene ee ee 1 0 ) 1,000 0 
J REIN pe. ouOM cache OKs oe il 0 0 5,257 0 
Teuleas's  Aeaw ote heres 1 0 0 750 0 
aT O lpi) ois sate 1 0 0 1,003 0 
Bich lame aes a ane 60 48 27,2937 180,788 | 143,651 
Rockilsl andi sast cys) 1 0 0 1,353 0 
Stra laitathya et, oe act S 2 0 0 2,813 0 
Shelli vine teen eae. 2 1 0 0 2,384 0 
Wisibashivcs. «cece oe 9 19 9 340 29,699 13,381 
Washington.......... 3 0 0 3,658 0 
hater cue) nec oe genes 20 9 2,855* 63,160 27,756 
VA Gg ave Sens a ee ere 1 0 0 3,405 0 
GL Da ee ea races 1 0 0 3,095 0 
284 902,795 | 581,141 


2 Barrels. 

» Millions of cubic feet. 

¢ One pressure well. 

4 Two wells producing gas, which is used on the lease. 

¢ Estimated. 

f Clay City field. 

o Bartelso, 886 bbl.; Centralia (new), 276 bbl.; Carlyle field, 3 bbl. 
h Beecher City field. 

* Patoka field. 

i Noble field, 27,243 bbl.; Olney field, 50 bbl. 

k Cisne field, 222 bbl.; S.E. Clay City field, 2133 bbl.; Rinard field, 500 bbl.; total 


initial production for new fields, 77,819 bbl. 
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Acidizing.—In Lawrence County, out of 15 wells that were acid- 
treated, eight yielded increases in production, one was a new well with 
initial daily production after acidizing of 40 bbl., and six gave no results 
in increased production. The total daily production of the eight wells 
before acid treatment was 16 bbl.; after treatment, 110 bbl., a sixfold 
increase. The usual charge was 1000 gal. of acid. The producing 
strata treated in all of these wells was the McClosky oolitic limestone 
(Ste. Genevieve formation, lower Mississippian series). In the Dupo 
field, St. Clair County, one well was acid-treated and its production 
increased from 5 to 12 bbl. per day. The producing stratum is the 
Kimmswick (Trenton) limestone in the Ordovician. 

Air Pressuring—The air and gas repressuring plants in operation in 
1936 continued during 1937 and four new air repressuring operations 
were begun with a total of 36 input wells. 

Water-flooding.—Little new water-flooding was undertaken during 
1937. Two of the uncontrolled water-flooding operations in the Allen- 
dale field, Wabash County, reported substantial increases in production. 
The water-flooding operation in the Carlyle field, Clinton County, 
begun in 1934, has been stopped. 


PETROLEUM CONFERENCE 


The fifth annual petroleum conference of Illinois-Indiana, held at 
Robinson, May 29, 1937, was attended by over 300 oil men, including 
representatives of all the principal oil-producing states. The program 
consisted of discussion of exploratory methods, development and operat- 
ing problems. The fifth annual mineral industries conference at Urbana, 


TABLE 4.—Number of Wells in the New Fields, with Acreage 
DEcEMBER 31, 1937 


Pai PSs [PHM] aig Het] Ave 
PS toieg <4 betes) ce ae ken 93 18 4 3 1 0 | 310 
CAB ASUS shi ahicter ak ee eee 80 8 3 7 4 4 | 842 
AST Se Pape Sen te ge Ue pe 1 0 0 0 0 0 10 
INOMIG TE toes hans or eae Sa 47 5 12 18 13 0 | 470 
CHANG Le, ee Sees aie BO ba 2° 1 0 0 0 0 30 
Centralian(new)e.n5. kee eee 2 0 0 0 0 0 20 
Hepoher Civ ctw aliete we yee oe 2 0 0 0 0 0 20 
Oley cohen ne ee aot bee 1 0 0 0 0 0 10 
Russellville (gas)... .... 2D, 3 0 0 0 0 10 
otal | Avis «ea eee 230 35 19 28 18 4 


* Within 14 mile of production, 
’ One producing well was abandoned. 
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OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1937 


Oct. 8 and 9, had two half-day programs on oil—one on economic and 


legal questions, the other on geology and development. 


OuTLOOK 


With the discovery of oil at a number of widely scattered points in the 
basin late in 1937 and the early part of 1938, and with a large acreage 
under lease in the state, including a total of 2,400,000 acres by 12 major 


TABLE 6.—I|linois Completions for 1937 


TC 


Month/ge. igen tae Month heme 
JEU AT Vaan en 5 1 DULY 2 Ae cee eae es 27 18 
February........ 6 6 AURUSt se atae a ee 49 31 
Marches aoe 9 4 September........... 92 63 
April 15 7 October foe Sanare 76 55 
Maye elon. cy 14 10 November cm. sae. cil 40 
JUNC 5.805. eteee 22 16 December... 2... 2: 61 36 


447 287 


companies, there is every indication that drilling activity will increase 
greatly in 1938 and that other new fields will be discovered. 
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Oil and Gas Developments in Indiana in 1937 


By Rate BE. Esarey* anp M. M. Fipuart 


(New York Meeting, February, 1938) 


A MARKED decrease in drilling during 1937 in Indiana seemed to have 
no undesirable effect upon the oil and gas industry. Instead, production 
figures for oil showed a small increase over those for the preceding year, 
although not so much gas was marketed as in 1936. Drilling activity was 
centered in proven areas, and the proportion of dry holes to the number of 
wells drilled decreased somewhat. 

During 1937, including old wells drilled to deeper horizons, 134 wells 
were completed in Indiana, of which 39 were oil wells, 39 gas wells, and 
56 dry holes. Nearly 75 per cent of the holes were drilled in proven areas. 
Of the 36 wells drilled in wildcat areas, only four found commercial 
production. Wildcat wells were especially numerous in Vigo, Pike, Perry 
and Spencer Counties. Exploratory drilling activity in Vigo County 
resulted in part from the drilling of the discovery well in the new Prairie 
Creek field. In Pike County, wildcat wells were drilled in the search for 
new supplies of gas to meet the demand in the southwestern portion of 
Indiana. Drilling in both proven and wildcat areas in Perry and Spencer 
Counties continued to be heavy, because of the presence of shallow Missis- 
sippian sands and the resulting low cost of drilling and equipping. At 
the end of the year, 42 of the wells started in 1937 were not completed. 

Only a few locations were drilled in the old Trenton field, but the 
wells, many of them 40 years old, continued to furnish a small supply of 
gas for domestic consumption. Oil production in the Jay County portion 
of the Trenton area was nearly twice that of 1936, owing in part to a 
vacuum system installed on several leases. The Harrison County 
(Laconia) gas field is being developed northward to offset water encroach- 
ing from the south. This water in the black shale threatens to put an 
end to the steady production that this field has furnished for many years. 

During 1937, the Oaktown gas field again furnished more gas than any 
other field, but production in that area showed a marked decrease over the 
marketed gas for 1936. During the early months of the year, seven wells 
were completed in the Oaktown field to bring the total number of pro- 
ducing wells to over 40. At present, all the operators in the area are 


Summary presented at the meeting; entire paper received at the office of the 


“Institute March 17, 1938. 


* State Geologist of Indiana, Indianapolis, Ind. 
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troubled with bottom-hole water in the gas wells. During the spring 
and summer, three producing gas wells were drilled on a southern exten- 
sion of the Oaktown gas field. 

The Loogootee gas field was extended westward during 1937, and a 
pipe line was laid into the new area to take this production. The Greens- 


TABLE 1.—Oizl and Gas Production in Indiana in 1937 


Area Proved, Acres 
Age, 
Field, County on Total 
of 1937 c 
a. Oil ae Gas 
a 
g 
3 
EA ord Piha Hk. bawranit to te Tones ta eee See ee 18 240 0 960 1,200 
2| Blairsville, Posey-Vanderburgh..........0..0.0cc0ccececucceeee 3.7 350 0 0 350 
| BYISLOW MCP ENTY Sc. cb tate at ode hae ee ee eee ee ae) 8 180 0 120 300 
4 Cannelburg, Datiene es amon Puch guns ka eee Cee 12 6rz 0 br 7xr 
B:| BranciscorGibsonst on ceaore cee ee ee en ee 8 3zrzr 5rz lzr Qrz 
6: \Greensburgy Decatur tac aeons alae ties ate cee ee eee 44 0 0 36,072 | 36,rrz 
7 | Harmon, celia Saar or 4 iy a 9 20 0 6rz x 
8 | Harrison County, Harrison. 27 0 0 6,200 6,200 
9 | Hudsonville, Daviess-Pike. . 8 0 0 72x Trax 
10 | Loogootee, Daviess-Martin...........0....000.-000---000 000 37 3rz 0 1,8rzr 2,1rz 
a1") Monroe City, 1K nom scence tras ke nomen Lae TEE ee 15 4rzr y 0 4zz 
42)|Oakland, Oity,, Pike}. aon 2s eshte pigeon eet. aeons 30 3,lezr 0 Qzrr 3,322 
15'| Oaktown; Kroxsasicr cos olas lee ash he. ae ee 7 40 0 800 840 
14 | Oatesville-Wheeling, Pike-Gibson..... 20.0... ccc c cc cec cece ee. 18 1,922x 0 0 1,92z 
£5) Paine, Creeks Vagors taitai c:<ctee cut daaircer. wos neti eee 1 400 0 0 400! 
1G Miley CV igo Ftaa teks soe eae pense slack Rare chee acts eee 31 640 0 0 640 
17 | Rock Hil CATANAVIOW; SPENCO at nce vag te ie ek ae 9 160 0 0 160 
18 | Shelburn-Graysville, Sullivan... 2.0.0... c ccc cceccceeceee ee. 26 4,7xx Bead 1,0rz 6,0rz 
19'} Blosty VigosSullivanceass er tat ce sek eee eae Saye limes 750 0 0 750 
20'| Trenton, cf Many is i utsct had setae dacs «ees ae ae 51 102,rrz | 25,erx | 650,erz | 778,22 
21 | Tri-County-Somerville, Pike-Gibson.....0.. 0... .00c000000--5.. 12 350 0 80 430 
22 | Troy-Tell City, Spencer-Perry..........0.ccsccenccereceeecees 9 150 700 80 930 
23 | Union-Bowman, Pike-Gibson....... 2.0.0 0.00. cc cecceeceee ese. 21 4,4rr 0 bax 4,9zr 
24 | Unionville, Monroe...................... 0 0 1,4 
25 | Vanderburgh, Vanderburgh............... Re pid : 580 0 te hs 
20 | Veale, Datheasec toc vai ho nick ea fone TE 400 0 0 400 
27 | Wes tPrinoeton, Bibson............5.0000000000., 34 1,622 0 bra 2,lrzr 
28: ee Doval 4,54). Adcinsttcrteg acaahisttath Gel area ee eee Si 124,720 | 27,c2x | 7Olzrr | 852,2r0 


* Footnotes to column heads and explanati i 1 
i Nos hally tee 8 and explanation of symbols are given on page 313 
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burg gas field saw little development during 1937, but the area continued 
to furnish gas for several towns. 

The older oil fields of the state continued to produce steadily, and 
the Siosi pool again led all others in production. A northward extension 
to the Bowman pool in Pike County was discovered during the year, and 
seven wells were completed in this area, five of which produced oil and 
two gas of low B.t.u. content. 


TaBLE 1.—(Continued) 


a 


Total Oil Production, Bbl Total Gas Production, Millions Number of Oil and/or Gas 
: : Cu. Ft. Wells 

During 1937 

Daily Maxi- | Com- 

,.| To End of | During During Average | To End of | During | During | ™U™ pleted 

3| 1937 1936 1937 | during | 1937 1936 | 1937 | Daily | to End 
q Noy. during of z 3 
iS 1937 1937 | 1937 3 5 
cat 3 
g g 8 
Az | 6 a 
Tel ‘S) <j 
i 322,200 3,222 3,722 10 y ore 135.2 y 91 0 3 
2 108,222 45,519 40,381 122 0 0 0 0 29 5 0 
3 52,202 5,9rr 5,202 y y y y y 43 1 1 
4 y y 3,202 12.5 y 0 0 0 53 1 2 
5 72,00x 12,778 14,535 5x 1,176 15 76 0.8 35 4 0 
6 0 0 0 0 3,522 175.2) 155.2 lit 35x 2 15 
7 y 0 0 0 y 5a 47.2 y 28 2 0 
8 0 0 0 0 3, lea 292 25a y 112 1 3 
9 0 0 0 0 y 192 117.2 0.9 49 2 3 
10 22,202 y 0 0 y 9.5 24.2 y 58 4 5 
11 y 1,402 1,37z 4 y 0 0 0 15 0 0 
12 y 25,cra 27,620 92 y 0 0 0 263 0 1 
13 45,00n 11,970 6,202 20 1,295.6| 678.5 |) 418.2 2.2 70 7 2 
14 , y | 186,217 187,580 bara 0 0 0 0 258 4 3 
15 10,402 0 10,402 Qaa 0 0 0 0 4 4 0 
16 lez,cer 0 417 10 0 0 0 0 33 1 0 
17 42,222 5,722 6,161 y 0 0 0 0 16 0 0 
18 6,722,czx | 107,6rx 66,906 194 1,crx 82.2 33 0.1 1,081 6 5 
19 2,326,200 | 176,272 | 248,935 Tra 0 0 0 0 81 2 0 
20 | 107,227,220 25,202 39,crr y 802,222 200 zx y 26,522 8 42 
21 127, crx 22,622 13,202 44 y y y y 74 1 0 
22 62,202 12,778 12,c0% y 273.0) 164 109.2) 1a 62 11 1 
23 y | 130,c2z 155,200 452 y 30 42 y 392 6 6 
24 0 0 0 0 18 0 0 0 17 0 0 
25 288,570 53,665 44,264 y 0 0 0 0 86 3 3 
26 y 21,4azx 16,402 45 0 0 0 0 73 0 0 
27 1,322,222 10,222 10,9xz 30 y 0 0 0 148 0 1 
28 | 120,cz2,cx0 | 857,202 913, cra y y 2,182 1,606 y 30,220 75 96 
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Activity in the Illinois portion of the Eastern Interior Coal Basin 
seems to be in part responsible for the decrease in drilling activity in 
Indiana, owing to the fact that many Indiana operators took part in the 
drilling in Illinois. The Illinois activity reached Indiana in the last half 
of the year, however, and resulted in the discovery of an oil structure near 
Prairie Creek, Vigo County. Five wells were completed in this new field, 


TaBLE 1.—(Continued) 


Number of a andes Gas | Depth, Average orem of Pressure, Lb. | Character of Oil, Approx. 
. 1937 


in Feet per Sq. In.¢ Average during 1937 
Number of Average |Gravity A.P.I. 
At End of 1937 Wells at End of} at 60° F. 
Bottoms| To Top 
Ag F of Pro- | of Pro- 2le 
Elta! & »,| 3 | ductive | ductive 8 |B: * 
BES) 22 \ezlee| | Wel | 2m | | wl lee] losses] 2 | 8 [Bgl oe 
4 lee/ 20 [8/30 | a3 2/2/38 \e3\a 2 | 45 lesley 3 
2/8 2/8 |S; 2/38) = EB 35) a5 
3 lSa| 2S |25| Bs |26 e|é2|s|za| = S/S <|34| 3 
1} 1] 7| o| 22] 29 { 1i%0 ria} 0 | 7| 0} 0} 440 y| 75| 39 | 36 (38 |0.2| M 
2} 3] 25] o| o| 25] 1031] 1007 | o | 25] 0 0 y| y/30 |0.3] A 
3| y| 30] o| &]| 35] 350) 330 | o | 30] 0 0 y| y [34.7] y A 
4 yale ASO eon tS 640 | 630 0 | 13] 0 0 y| vjy jy M 
5| 3] 13) o| 7] 20) 1450/1430 | o | 13] 0 0| 690} 580) y| y| y l29 | y M 
6} y| 0] 0|] 232} 232/ 907] ss6 | o 0} 0 0| 300] 115] 105 
7| 2 o| o}| 7 7| 1,125 1,110 | 0 0| 0 0| 450} y| 35 
8} y 0| o| 38] 33; ‘6s0!| ‘650 | o 0| 0 0} 90} yl y 
9| 0 o| o| 15] 15] 660] 650 | o 0} 0 0| 275| 120] 175 
10/ 0} o| o| 13] ~13} 540 532 0 0| 0 0| 250] 130] 125 
9 
1,240 | 1,225 
ONE Tone a ics ra 01.7 ied eats vl via ele 
1,107 | 1085. 
12/ 0| 26] o| o| 26 i rat 0 | 2] 0!] o ss Law as Mt 
580 
13) 3} 8 0) 39] 471} 021 Foot | 9 | 8] O| 0} 925) ace] Que vty eek wer leee 
1200 | 1370 
: 270 
14] 12} 202] 0| 0} 202) 41380 | Ysan¢ | 0 | 202] 0 0 gAuyite’ | Oo cae 
1,740 | 1,725 
15| 0 4) 0] 0 4}, 2,174 | 21132 | 2 2/0 0 Pa a es p 
16| 0 1 Ou a0 1) 1,625 | 1,615 | 0 1| 0 0 
17, 0| 70} o|. 3 1320/1310 | 0 | 7101 96 yj vj0 ly | FP 
and 
18; y 349) 0 12 361 775 730 0 ler 0 | G2zx 7] 7] Y 40 | 30 35.5] 0.2 M 
810 | 800 
2,285 | 2,270 
19} 0} 60/ 0} Of} 60} 2115/2100 | 0 | 6]! 0 0 y| v/46 |0.9| P 
20 uy] | 38 | 24 136 | y P 
21 y| y| 36 | 32 |84 10.3) M 
22 200] 175] y | y |38 | 0.3 |M,P, 
A 
23 y| vy} 85 | 30 |33 | 0.2 |M, P 
24] 1 he 
25 31 | 27 29 | y 
27 2b bol 8.3 
28 eee 


—— 


sie ai 


RALPH E. ESAREY AND M. M. FIDLAR 367 


the most important discovery in Indiana in 1937. These were the first 
wells in the state to be drilled with rotary tools. The Prairie Creek field 
is expected to be developed during the coming year, and should prove to 
be a good oil area. 

An interesting development was the drilling of a new well in the 
abandoned Riley pool, Vigo County. This well promises to produce 


TaBLE 1.—(Continued) 


ae 


Character . Deepest Zone Tested to 
of Gas, Production Rock End of 1937 
Approx. 
Average 
during . 
1937 Ss 
gs - 
at pg & 
3 Name Agel orn Ass Name 2 
B.t.u. yah aaer * yj n= ale 
E| per Bales sehae: leas ei [8 
A! Cu. Ft. 8/8 jes) & (845 ag/2 
E a| = [se] 2 (B32 Be |< 
ne 5 eae tl) nate ar les 
1 940 | Oakland City, Brown MisU 8 Por | 2 A 34 | St. Louis (Mis) 1,413 
2 Mansfield PenL 8 25 | 30} ML 9 | Chester (MisU) 1,920 
3 Tar Springs, Cypress, Elwren | MisU § Por } 20 | ML 28 | Mississippi lime 710 
4 Lower Chester MisU Sale hOr A 2x | Chester (MisU) 895, 
5 950 | Brown sand (Paoli) MisU i) 20 25 A 10 | Ordovician 4,006 
or 
ames) sch erenton od (DU{he | yl a y|Pre-Cambrian _| 3,055 
7| 935 | Oakland City (Mooretown) MisU 8 Por A 15 | St. Genevieve (Mis)| 1,021 
8 950 | New Albany DevU H Fis | 85 M 39 | Trenton (Ord) 1,770| W 
9 925 | Barker sand MisU 8 Por | 10 AF y | St. Genevieve (Mis)| 1,021 
10 | 1,000 | Chester sands MisU Sy) Por | 15 A 35 | St. Louis (Mis) 783| O 
11 Mansfield, Cypress, Moore- | PenL §,L| Por| y M 10 | St. Genevieve (Mis)| 1,565 
town, Paoli MisU 
12 Oakland City, Brown sand MisU § Por | y A 44 | Paoli (MisU) 1,444 
13 975 | Staunton (Unnamed) PenL NS) Por | y| ML 30 | Chester (MisU) 1,593) W 
14 Sample, Cypress, Mooretown, MisU iS) Por | y A 49 | Harrodsburg (Mis) | 2,050 
Paoli 
15 Corniferous, Niagara DevM 
eh os SilM L Por| y D 0| Niagara (Sil) 2,190] C 
16 Corniferous DevM L Por | y A 13 | Corniferous _ 1,709| O 
17 Bethel (Sample) MisU iS) Por} y| MC 9 | Mississippi lime 1,500 
105 d (1, 2,3, 4 PenL Ss ; 
18 970 en : ; MisU SI Por| y| AM 67x | Niagara (Sil) 2,328) O 
Niagara Sil L 
nif DevM 
19 ee sim’ | zt | Por} y| D-| 16| Trenton (Ord) | 3,554) C 
20 950 | Trenton Ord. Ded Boral gi A 3,8x2 | Pre-Cambrian 3,996| C 
Brazil PenL Fis Aes 
21 y Hf Bilan d City MisU \ NS] meal A y | Paoli (MisU) 1,700 
22 900 | Sample, Cypress, Mooretown MisU s Por| y|N, MF 39 | Mississippi lime 1,708 
23 950 | Cypress, Mooretown, Paoli | MisU s Por| y A 78 | Salem (Mis) 2,205}0 - 
lorni Dev D Por | 40 | AF 4| Trenton (Ord) 2,102 
35 ea aii PenL 8 Por | y| ML 26 | Glen Dean (MisU) | 1,795 
26 Veale sand MisU 8 Por| y A 54 | Devonian (?) 2,618 
27 West Princeton sand (Brazil) | PenL 8 Por| y Af ; 26 | St. Louis (Mis) 2,048} O 
28 CLE 
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enough oil to warrant the reopening of the old field. A well drilled in the 
city limits of Lawrenceburg, Dearborn County, proved the existence of a 
new gas structure in the Trenton limestone, and the shallow production 
will probably result in the development of that area in the near future. 

Repressuring projects are now in operation in two of the older shal- 
low pools in southwestern Indiana. The West Princeton oil field has 
been repressured for the past year by the injection of compressed air 
but very little change was shown in the annual production. The Dodds 
Bridge pool, in Sullivan County, is being repressured with natural gas, 
and production seems to have increased to some extent as a result of 
this treatment. 

Acidization of limestone pay horizons became increasingly popular 
during 1937, especially in the northern portion of the southwestern fields, 
where production is obtained from Devonian and Silurian limestones. In 
many wells recently completed, the pay horizons were given a light shot 
with nitroglycerin and were then acidized. Acidization, however, has 
been relatively unsuccessful in wells producing from Trenton limestone. 

During 1937 many thousands of acres in 15 counties in southwestern 
Indiana were explored by seismic and other geophysical methods, and 
leasing began on a large scale. Test wells in these new areas have been 


TABLE 2.—Summary of Drilling Operations in Indiana 
eet AE Seg caaiale SAR ae ee eS 
Important Wildcats Drilled in 1937 


Location 
ph Surf: 
pth, surface 
County See. : Ree. Feet or | Formation 
Meters 
Survey Long. 
A (Daviess is 5e Gadi ce as as cee ike Melioe te eee eee 8 6W 1022 Pen 
Si MDOCACUR 8), Sie stn seit ot ee ON ee BS 18 9E 896 Sil 
34 Dubois. in eee than See eek ae eee 36 5W 1202 Pen 
£;| Gibson etna, cement keke een se 10 11W 1350 Pen 
S Gibson 7.5 caesatarmanene chk te ae ee 30 9W 1714 Pen 
Gi Greene: 5).25. Pann ath. ake tenes ee oe 23 6W 1695 Pen 
AIBC We CeRC Re ote. 1 Sea bien eee Ry RAP 21 10W 849 Pen 
BS) sMartin ssc se aehieat ne See th Peat vem aa ee 17 3W 450 Pen 
9 | Martin 


—— 


a 


ee EE OE ee—V—V—a a 


Tee aN =e 


RALPH E. ESAREY AND M. M. FIDLAR 


369 


few, but it is expected that many of the lease blocks will be tested during 
the spring and summer of 1938. 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1937 


COON Poke W dor 


Tnitial ETON ae Be 
r Da 
Deepest — . Sq, In. 
Horizon Drilled by Remarks 
saved Oil, Gas, 

U.S. Millions | Tubing 

Bbl. Cu. Ft. 
Chester Midwest Dey. Corp. Dry hole 
Trenton (L. Ord) | T. E. Castor 0.150 270 

4 Show gas 372 ft. 
ee A. D. Shaffer {Shon oil 1065 ft. 
L. Pen V. C. Besing ry hole 
M. Mis Big Four Oil & Gas Co. Show oil 1595 ft. 
Niagara Worthington Petr. Corp. Dry hole 
L. Pen W. Hastings et al. Dry hole 
Chester Indian Springs Oil Corp. Dry hole 
M. Mis G. C. Curtis et al. Dry hole 
Chester A. J. Tyler Show oil 560 ft. 
Chester Murphy Oil Co. of Pa. 15 Ruined by shot 
Chester John T. Reinsel Dry hole 
Chester H. M. Nedeau, Trustee Dry hole 
Chester A. E. Davis Dry hole 
L. Pen Evans Oil & Gas Co. Show oil 364 ft. 
M. Mis Hollingsworth Gas & Oil Co. Dry hole 
Chester Allen Cotton Dry hole 
L. Pen J. S. Young, Jr. Dry hole 
L. Pen Jas. B. Moffett Dry hole 
M. Mis Hoffmeister & Ring Show gas 297, 338 and 400 ft. 
Niagara Keller Dev. Co. Show gas 1885 
Niagara Pierson & Yaw Dry hole ‘ : 
Niagara Carter Oil Co. 85 First rotary hole in Indiana 
Chester Imperial Oil & Gas Prod. Co. : nore Show oil 884 and 960 ft. 
00 ; 


In Proven Fields 


Wildcats 


Number of wells drilling Dec. 31, 1937 


Number of oil wells completed during 1937 


Number of gas wells completed during 1937 
Number of dry holes completed during 1937 


28 14 
38 1 
36 3 


Kansas Oil and Gas during 1937 


By W. A. VER WieseE* anv E. G. Danucren,t Junior MemBer A.I.M.E. 
(New York Meeting, February, 1938) 


THE year 1937 must be considered the most eventful one ever experi- 
enced in the development of oil and gas activity. Out of a total of 57 new 
pools discovered, 18 are apportioned to eastern Kansas and 39 to western 
Kansas. (For statistical purposes Kansas is divided along the meridian 
that separates ranges 3 E. and 4 E.) In addition to numerous long- 
distance extensions of the large Hugoton gas field of southwestern 
Kansas, two other gas pools were discovered in the area lying west of 
range 3 E. The 37 new oil pools in that area are to be found in 13 differ- 
ent counties, among which Rice heads the list with a total of seven oil 
pools and one gas pool. Ellis and Barton Counties both added six new 
oil pools, while Russell County follows in fourth place with four. Among 
eastern counties Butler heads the list with four new pools. Cowley and 
Chautauqua each accounted for three new discoveries. 

The number of wells necessary to accomplish this result totals 2657, 
of which 1915 are oil wells and 128 gas wells. The initial production 
of the oil wells amounted to 214 million barrels. Although most of the 
wells were drilled in proven territory, there was a good deal of wildcatting. 
The fact that 614 dry holes were completed emphasizes the ever-present 
risk attendant upon the efforts of pioneers. Some of the more venture- 
some spirits reached out to the counties farthest west in the state. 

An indication of the feverish excitement reached at times is recorded in 
the fact that no less than 600 drilling operations were in progress during 
one week in May, or the fact that over 100 new locations were staked dur- 
ing the second week in July. During one week in May, 65 successful oil 
wells were completed for an initial production of 68,000 barrels. 

Many drilling obligations came due during the year, and this perhaps 
accounts for the fact that one company had as many as 59 active oper- 
ations at one time during September. Another evidence of great interest 
in oil possibilities in Kansas is furnished by the record of sales of oil proper- 
ties, which in one case reached the high figure of about $3000 per acre. 


Text received at the office of the Institute Jan. 24; tables, April 4, 1938. 

* Department of Geology, University of Wichita, Wichita, Kansas. 

t Director, Conservation Division, State Corporation Commission, Wichita, 
Kansas. 
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TaBLE 1.—Ouzl and Gas Production in Kansas 


a 


Age, 
to End 
of 1937 
Field, Survey, Township, Range 
2 
| 
=) n 
za eller 
2 a\é 
3 |S 
AeeBarber County eras sicccesicecce cen e ses 
2 Aetna, 13-84-15 W..........-+- 
3 Lake City, Us Cn RT oe 6 
13-33-13 W....| 11 | 11 
4 Medicine Lodge { 1533-13 W.. 9 
5 Whelan, 32-31-11 W...........- 3 5 
GNBATtOn COUNTY... ctaisieiscine se cats esis 
ve Ainsworth, 26-16-13 W.......... aie 
8 Sepals Pare TO47i8¥ Wie 3 
6-18- Ree fe lee 6 
9| Albert {30185 Wo... 2| 9 
10 Beaver, 16-16-12 W.............| 3 1 
il Beaver North, 4-16-12 W........ 2 
12 Bloomer, 36-17-11 W.........-- ple ea ht 
13 Davidson, 4-16-11 W.......-..- 8 | 10 
14 Eberhardt, oe Witrent ett BN es 
15 Ellinwood, North.. We Pace 6 
16 Ellinwood... Aaa healt eB, |at “6. 
17 Feist, 29- 18-11 W.. Beta Sica act 2 3 
18 Heizer, 16-19-14 W.. et 5 
19 Hiss, 31-20-13 W.. E 1 8 
20 Kraft, 10-17-11 W.. eae 7 
a Lanterman Te19510 We sea e 3| 3 
23 Rick, 1-19-11 W.. 1 5 
24 Silica, 12-20-11 W.. ay a 
25 Silica South, 24-20-11 W.. St Vee 3 
26 Trapp South, 16-16-13 Wie 1 1 
27 Trapp Southwest, 1-16-14 W..... 3 
Butler County: 
28 Anderson, 7-27-4 E. . veal oe 
29 Augusta, North, 15-27-4E...... 23 
30 Augusta, South, 21-28-4 H....... 21 
31 Bausinger, 24-27-38 H.........-. tf 
32 Benton, 10-26-3 E.. pay Se aed 
33 Blankenship, 2-26-8 Be eee 16 
34 Brandt, 15-28-7 E.. RON 1 7 
35 De Moss, ROUT AR eA oo ese 3. 
36| Douglas | fete i herd: 21 
37 Elbing, 8-28-4 H.........+5-++- 19 5 
38 El Dorado, 29-25-5 E........-- 22 
39 Fox Bush, 25-28-5 E.. 20 
40 Garden-Shaffer 32-96-6 B......| 11 
17-27-6 B...... 
41 Gelwich, 6-27-4 B........--.--- 
42 Haverhill, Oy Dh AG D1 cote emaergenc 10 | 9 
43 Hazlett, ED ANA Does olsen 16 


Oil 


40 


40 
320 


1,800 
40 


1,200 


Area Proved, Acres Total Oil Production,Bbl. 
Oil 
4 To End of During 
Foe ed a 1937 1936 
117,812 23,793 
40 40 
40 8,292 
6,000] f 6,000 
40 6,708 
320 102/812| 23,793 
17,386,331} 1,163,590 
1,800 221,635 
40 2/951 
5,000) 5,000 
1,200 125,157 38,704 
1,000 388,369| 124,179 
40 2,498 
2,000| 1,769,720} 295,000 
40 17,437 2,679 
160 85,136 44/200 
4 8,087 
1,200| 1,199,622) 242,000 
29,359 18,200 
40 7,458 4/582 
160 139,158 29,000 
1,200 75,486 
00 64,511 13,500 
160 97,429 23,700 
12,114,096] 3,756,446 
1,800 917,922] 134,500 
1,200 120,300 
40 None 
1,280] 12,899,903] 153,707 
7,660] 32,586,216] 424,968 
160 
40 6,000 
1,200 
40 8,867 2,730 
160 14384 7,200 
2,400 39,600 
1,800| 17,463,492] 396,000 
25,020] 162,396,429| 3,492,325 
5,000| 15,166,330} 192,000 
1,600 252,000 
700|  2,856,765| 120,868 
40 ~ 2,400 


a Footnotes to column heads and explanation of symbols are given on page 313. 
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: :. i a Depth, Aver- 
EM Bes ae ee i iy ime Number of Oil and/or Gas Wells age in Feet 
. — At End of 1937 
e 
During pe To End g 
hy Se gr = 
sg 1937 g. of 1937 3 5 AS 3s sl 2s at, ae me » 3 of 
E ce =| & | else S| 2 da] £3 Safe] 2 | a8. /Ss 
bs | = | |Se/31 = /as| 3° lecl2S| a8 | seslege 
g aS 5 | 22 | 85| é| 2 84) 5 (BS) 23! SE | SEECES 
3 at A [St S/S) 3 a4] Eo 4 Go) So | Bari S 
1 73,020 7 21 
io y y y y 1 1 5,260 5,215 
3 8,292 1] 1 1 1) 4,440] 4435 
4 29,000 6 1 20 { 20| 41465] 4/455 
6,708 flo . ; vent rer! 
5 58,020 6 i f 
6| 10,623,956 580 
7 21,635 39 34 34] 3,395] 3,390 
8 2/951 2 2| 3/352] 3/342 
9 yloy y y a 18] { 3,636] 3,537 
76,740 15 10 3,606 3,603 
10} 251,190 17 14 14)) S'sai| S33 
u 2,498 1 I 1} " 3,826] 3,816 
1 
12] 1,414,720 81 79 79 3,281| 3,257 
2 
13 12,758 1 1 1| 3,340] 3,314 
14 40,277 4 : ; reg nee 
15 8,087 2 i i 
16] 207,522 21 16 16] 3/334] 31304 
17 s 11,159 1 ; i on on 
18 one 1 P , 
19 110,158 7 4 4| 3/285] 3/270 
20 75,486 16 16 16] 3,289] 3,281 
21 41,023 7 4 4] 3.115} 3/040 
33 73,729 3 3 3388 3383 
9 ‘ 8 i : 
24| — 7,252'983 424 405 405] 3/328] 3/309 
25| — '873'711 62 62) 3/284] 3/974 
26 120/300 18 18| 3,372| 31357 
27 1 1] 3366] 3.341 
% 2'035| 1,900 
29 146,503 280 69 69 1 2'410| 2/380 
2'460| 2410 
30] 393,378 740 165 Cte 
Aes cue 
33 91,957 95 95} 2,700] 2/650 
ican diag 
36 27,604 24 24/ 1,830] 1,790 
37] 463,492 90 90 2,400} 2,330 
2:470| 2430 
38| 3,340,426 15 600 
1,804 2'500 
1,789 , 250 : 
39 166,330 177 177| 2,770]  2'730 
40] 217,065 61 | 2.770| 2/760 
61 
i : ‘ | 3,200 | 
42 112,784 66 66} 2,750] 2,700 
43 1'122 4 4) 2'490| 2470 : 
4 
j 
1 
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Charac- | Character 
4 a ae Oil, ie Gas, eee g 
ressure, Lb. TOX. : : BY Lone 
per Sq. In.¢ varaaa aes Producing Rock Tested to End 
during during of 1937 
1937 1937 
Average | Gravity 
at End | A.P.I. se 
of jat 60° F. ae 
as 
~~ as 
ic 43 =e > Ss 
5 Ee Name Ages ae Ag Name 
ge |g./85 BE lelse| 2 (os PES 
3 Z 1936]1937 Be Be |g 3 z AP| 3 |s95 ee 
o oD 5) oe |e & o o a sae 
a | ‘Se |e ela oS al|elerl| = a3 rN) 
a| 2 s* | 20\g® é | 5\8<| & |a2* BE 
1 33 
2 y yl y | Viola Ord | L 45 0 | Arbuckle 
3 Viola Ord L 5 0 
4 | 1,625 Chat Mis IR 10 D 4 
Viola Ord L 2 } 10 \ Pre-Cam 
27 hat Mis | IR 29) A 1 | Arbuckle | 4,975 
157 
a Arbuckle Ord D 5} A 5 
8 38 oe Ord z 10 0 
eagan am 59 
9 Re a an Ca m 8 3 \ IN 5 | Pre-Cam 
uckle ir 3 
10 38 eee eae. a ‘s 3 | Pre-Cam 
11 39 Arbuckle Ord D 10 0 
12 44 Cee 
Arbuckle Ord | D \ 24) A 2 | Reagan 3,491 
13 38 | Conglomerate Pen |DR 
Arbuckle Ord D 26 1 | Pre-Cam 
14 38 Arbuckle Ord D 49 0 
15 Arbuckle Ord D 22 0 
16 41 Arbuckle Ord D 30| Af 5 | Reagan 3,593 
17 39 Arbuckle Ord D 3 0 
18 48 Lans. K. C. Pen L 25| A Pre-Cam 
19 36 Lans. K. C. Pen L 15| A 3 | Arbuckle | 3,650 
20 j Arbuckle Ord D 8 0 
21 42 Lansing Kans. C. | Pen L 75 dl 
22 38 Arbuckle Ord D 3 3,397 
23 36 Arbuckle Ord D 2 3 3,425 
24 | 42 Arbuckle Ord D 19} A 17 | Pre-Cam_ | 3,796 
25 42 Arbuckle Ord D 10} D Pre-Cam 
26 Arbuckle Ord D 15) A 
27 Arbuckle Ord D 25 
28 26 Viola Ord L 
: Kansas City Pen L 135 
29 33 Wilcox Ord s 30 A Pre-Cam 
Arbuckle Ord D 50 
| Wilcox Pen L 75 \ 
30 Arbuckle Ord |L, D i5s| A Pre-Cam 
31 Wilcox Ord Ss 29) A Arbuckle 
32 40 Chat Mis | IR MC Ord 
33 Bartlesville Pen s ML Mis 
34 Chat Mis | IR MC 2 
35 Bartlesville Pen Ss ML Mis 
36 { Lans. K. C. Pen tt 40) A Arbuckle 
Viola Ord L 
37 32 ;Lans. K. C. Pen L 70 Arbuckle 
Viola Ord L 40| D 
38 36 Admire Pen S$ 15) A 
Lans, K. C. Pen L 
35 Viola Ord L 
Simpson Ord 5 : 
eee ete 40) ML Meet 
39 Bartlesville en 18 
40 Bartlesville Pen s MC Arbuckle 
Viola Ord L 
41 ‘ 
39 Bartlesville Pen Ss 50| ML Wilcox 
re Chat Mis IR 20| MC Pre-Cam 


374 


=m | Line Number 
ao 


KANSAS OIL AND GAS DURING 1937 


TABLE 1.—(Continued) 


Area Proved, Acres 


Total Oil Production, Bbl 


During 
1936 


189,000 
24,000 


444,000 


68,400 
10,800 


2,300 


186,000 
~87,600 

9,600 
101,000 


86,400 


43,960 
26,154 
65,719 
350,712 


23,904 


Age, 
to End 
of 1937 
Vield, Survey, Township, Range 
Oil 
and | Gas | Total | To End of 
Gas 1937 
|4 
[=i 
ic} 
|S 
Keighley, 27-27-7 B............ 12 1,600 
Mite’ 1 7224-8 Bess neces 11 80 1,999 
Kramer, 4-28-6 E.............. 11 500 
Leon, 19-27-6 B................ 11] 3 500 
McCullough, 1-28-6 E.......... : a ie 9 | 300 103,255 
McKaig, 13-28-6 E............. 10 80 6,000 
Madden, 27-23-4 E............. 8 40 70 
Moore, 12-25-3 E............... 100 
Petit; 21-286 Bro. ashes te 2 6 40 
Potwin; $6-24-8 By... 0.25). 16 3,000 
Seward, 14-27-7 B.......0...... 600 
Smock-Sluss neciad E 19 | 10 1,500 
Steinhoff, 21- Wee E 11 40 
Stern, 27-27-6E.., 9 600 
Weaver, 1-28-5 E..., 7 160 
Young, 27-26-7 E 17 400 
Chautauqua County: 
Fisher, 10-34-9 E............... 1 
Foster, 6-83-12 E............... 6 40 
Kingston, 17-8910 Heese 2 40 
Clark County: 
Morrison f 21-32-21 W... 9; 2 600 600 
17-32-21 W HO Nie 600 } 31,226 
Coffey County: 
Van Noy, 18-23-15 E........... 150 
Cowley County: 
Baird, 20-34-3 EB... . 160 
Biddle, 12-32-4 E.. 
Burden, 22-31-6 EB... 1,200 
Carson, 19-32-3 E.............. 7 400 2,773,691 
Clarke, 6-31-4 B........... 23 180 782,603 
Countryman, 4-33-7 E 
David, 35-30-4 E..... 2] 8 500 
David South, ae E 3 160 
gga 
GAL ah aedtemen chev cae 34 1,000 1,000 
Eastman, 31-30-6 E............ 13 700 700 2,167,1 
Falls City, 17-35-7 E..... sat al 400 780'230 
Ferguson West, 21-30-8 FE. 100 
Frog Hollow, 20-82-5 EF... 1 160 33,435 
Geuda Springs, ges His pile es 80 70,472 
Graham, 12-83-3 E............. 1B 7 400 400 2,383,915 
Grand Summit, 4-31- 8 B....... 
Hittle, 21-81-4 E........... ore elk 400 
Murphy, 8-35-3 E.. 4 
Ranke Rook 488d BCLS 14 a 
ainbow Ben OB Ps i 2,000 PX ,870, 
Rainbow Bend. noe Ses RIE Oy POE 
Reidy, 31-31-8 E 80 
Rock, 14-30-4 E.. 14 200 1,199,835 
Rock’ West, 16-30-4 5 3 80 5,464 
a 
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Nye ae 


Total Oil Produc- i F 
en ees eee Number of Oil and/or Gas Wells Depth, Aver- 
aun age in Feet 
During 
s 1937 At End of 1937 
EI 
5 ao) m 
5 ee 2 ae End | és = 
3 of 1937 | © > ass > ba (o) 
= Be 8 3S ae 38 Ke 3 Heys wy | oo 2 “3 ee 
5 a5 = | = | 8% | 25/3) 2 e8| 22 eal ee| § | as.le8 
7 be ~| » | ge |Ss|2) 3 [so] 25 (80) 8o| 2 | Bea lFee 
g mo : a Be | aol g| 8 |as| Sea ISElse Se |Sssleog 
4 az 5 | 5 | 85 | 83) 8\ 8 |G) 2S [Esl ES| sé | She | cas 
A A] 4-|s? |8al8|< [62] &o jes e0) a& | Ser aes 
44 93,150 47 47| 2,700] 2,650 
45 1,999 2 2| 2,265) 2,145 
46 78,111 22 22| 3,150 
47 37,825 26 26| 2,710} 2,660- 
3,050 
48 184 7 7| 3,175] 3,169 
49 6,000 2 2| 2,740) 2,720 
50 70 1 1) 2,212) 2,065 
51 16,601 3 3 
52 1 1| 3,163| 3,160 
53 414,980 75 75| { 2,255} 2,250 
2,755| 2,660 
54 26,953 135 21 21| 2,700] 2,650 
55 67,437 178 46 46| 2,715|{ 2,685 
(3,000 
56 7,120 20 2 2 2,700 
57 84,072 11 11 3,150 
58 16 10 10 2,690 
59 37,568 17 17| 2,700] 2,650 
60 1 1) 1,679} 1,648 
61 1 1 1| 2,230] 2,200 
62 1,439| 1,437 
8 
63 yl y y y 1 1 1} 5,475) 5,443 
28,926 5 3 3} 6,481] 6,467 
tee 1,138 
64 47,052) 109 37 _ 37] U 1,628) 1,622 
65 7,931] 134 12 4 4 4 
66 36,901 40 1 22 22 
67 130,320 54 4 36 36 
68 67,691| 184 24 20 20 2,600 
3,450 
69 10,603] 25 10 3 3 2,840 
70 27,583 15 1 9 9 
71 76,964| 200 11 11| 2,975) 2,935 
72 23,591 4 4} 3,029) 3,010 
4,538 40 15 325 
73 : y| y y y ; {1500 
; 34 2,870 3700 
74 83,123] 218 3 34 ,870| 2, 
75 18,730] 44] 15,000 ; 30 9 13 13 2,000 
76 8,498 3 3 
77 33,435 . 4 4| 3,097] 3,089 
78 54,298] 196 9 9 320 
79| . 38,915 \ 15 { 2,500 
37 14 : A 3,500 
0 48,357 
a 26,402) 70 22 4 13 13 2,400 
82 44,158 ; 12 : 
o 1,200 126 1 113 113) 3,250] 3,200 
85 6,755 17 9 : 3 3,250| 3,200 
86 
29 2 19 19| 2,805} 2,760 
a ise s 2 2| 2,802) 2,784 
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geri ert aie’ 
ter ofOil,| of Gas, 
Pressure, Lb. | Approx.| Approx. Producing Rock OR Jom 
per Sq. In.¢ | Average} Average of 1937 
during | during 
1937 1937 
Average | Gravity =] 
at End | A.P.I. £§ 
of at 60° F. Zo 
~~ 3 
_ 8 
§ 2 = Name Ages 2 2 & S Name 
os Ss §8 «SS : 
g so eae SO 8 <s [sel 2 = ie sé 
z 3 1936/1937 a5 Be as 2 % Fal E : 228 as 
Ss or) es2las a |e ‘ek 
4| 3 Bx | g0|g& & | & =| & Ba ae 
44 39 Bartlesville Pen 8 50) ML Mis 
45 Kansas City Pen 120 
46 36 Viola Ord L \ MC Arbuckle 
47 38 Chat Mis | IR 50 A Arbuckle 
Viola Ord L 
48 ilcox Ord S] 13} A 
49 Bartlesville Pen Ss 20} ML 
50 Lans-K. C. Pen L 47 
51 
52 Arbuckle Ord D 3} MC 
53 [Chat K.-C. = uf 3 ao Arbuckle 
a is 
54 artlesville Pen 8 4 
55 39 Bartlesville Pen Ss 35| ML 
Viola Ord L MC 
56 hat Mis L MC 
57 Viola 
58 Bartlesville Pen Ny ML Mis 
59 Chat Mis IR 50) D Mis 
60 Altamont 31 
61 Mississippi lime Mis L 30 
62 Lans. K. C. 
63 y yiy {Wace conglomerate| Pen 8 6 Arbuckle 
Viola Ord L 14 2 Geese 6,906 
{ Peru Pen 8 12} ML 
64 Chat Mis | IR 6| MC 
65 4 
66 17 
67 Peru Pen S ML 14 | Arbuckle 
Bartlesville Pen Ss ML Arbuckle 
68 38 Layton Pen 8 D 4 | Arbuckle 
40 Arbuckle Ord D 
. 38 artlesville Pen iS) ML 7 | Ordovician 
71 Bartlesville Pen Sy ML 5 | Mis 
72 Bartlesville Pen 8 
73} 250 Admire Pen Sy) A 
Shawnee Pen 8 : 
ississippi lime Mis IR A 22 | Pre-Cam 
74 34 Bartlesville Pen s 100) ML 17 | Ordovician 
a 41 Stalnaker Pen 8 N 7 | Ordovician 
a ee Pen s 8 
that Mis L D Mi 
79 { 38 Fe ton Pen 8 D " 
a 40 Arbuckle Ord D 8 
81 Stalnak P 
i eee er i fi MC 5 | Arbuckle 
1 
84 40 Burgess Pen 8 50) ML 12 | Ordovician 
Burgess Pen 8 5 
2 
87 38 __ | Bartlesville Pen s 45) ML 8 | Ordovician 
88 artlesville Pen Sy 18 | ML 
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Area Proved, Acres Total Oil Production, Bbl. 
Age, 
to End 
of 1937 
Field, Survey, Township, Range 
Oil of G To End of Duri 
be i 0 uring 
A Gare ae een 1937 1936 
z ar: 
: ae 
S| ae 
89 Rock North, 3-30-4 E........... 4 80 0 
90 Sherwood, 11-31-4 E............ 1] 8 40 40 woe 10,882 
91 Smith, 10-31-3-H:..............1 20 200 200 19,429 
92 State; 15-32-4 Be. onc. ne de 11 1,500 1,500 31,508 
93 Prees, 19-S0-4 Been ccna es 3 9,79 
94 Turner, 30-32-6 H.:..........5. vs 21,314 eee 
95 Wethered {eeai3 H Hote pa 147,777 
96 Winfield, 13 to 36 of 32-4 E..... 23 2 5,000 5,000 346,580 
Edwards County: 
97 McCarty, 30-25-17 W........... 8 8 80 80 98,690 2,306 
Elk County: 
98 Denton, 29-80-9 E..............| 26 3,600 3,600 
99 Ferguson, 6-31-8 E............. 9| 6 400 400 72,720 
100 Hanna, 12-29-8 H.............. 600 600 
101 Julian, 35-31-10 1 Datep cee rata, etree 5 
102 Moline, 3-31-10 E.............. 10} 1 600 600 
103 Sellars, 11-31-9 E..............- 6 1,527 
104 Webb 2e-sl-LOlBe a. oes cere an 13a 3,600 3,600 
1 5 , 
105 | Ellis County.......-.-- 1-02. +ss-s+0 4, ee 882 717,476 
106 Antonino, 26-14-19 W........... i th 20 20 9,028 4,862 
107)\e Bemis) 16-10-17 Wi.......1--20- 2 3 3,200 3,200 1, 887, 390 255,525 
108| Blue Hill, 14-12-16 W........... eo an ae vat 
109 Burnett, 1-11-18 W............- 4 40 40 None 
110 Catherine, 3-13-17 W..........- 1 Ye 160 160 48,716 10,400 
111 @ress) 13-11-17 We os +. -- 10 200 200 130,809 
112 Emmeram, 4-13-16 W 7 40 40 10,683 
113 Hadley, 20-11-17 W.... 8 5 40 40 75, 
114 Haller, 10-11-18 W.. 1 6 40 40 8,022 6,734 
115 Kobletz, 23-12-18 pV et 8 40 40 1,745 
116 Kerauao2a14-OWencnns ce cats lilac eG 40 jap a He ee 
117| Madden 26-15-18 W.. md { whe 10 A , 
118 Meese 36-11-18 W.. Ne fee | 2 1,000 1,000 123,681 
119 | Penny Whan, 13-15-20 Wine 1 4 10 10 4,946 
120 | - Rader, A G=UBEL SP Wise nes eter 2| 5 700 700 384,462 210,246 
121 Shutts Tw. Meat nee ue Oe lfiene 2,000 2,000 1,436,170 186,180 
B2eT TAL 7 Wisaleaqen ee 
122 Solomon, 28-11-19 W.........-- 1 7 160 160 24,261 
123 Toulon, 3-14-17 W..........--. 2 1 160 160 49,171 13,600 
124 Wherty 12-13-18 Wee... nace def 80 80 17,950 
125 Victoria, 18-14-16 W..........-- 4 40 40 
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Total Oil Produc- Total Gas Production, 
tion, Bbl. Millions Cu. Ft. 
oo 
& 
3 
3 > 
During & To End | 
Bl] 1937 | #, | of 1987] 2 | = | AS 
‘g ES =| a | 8 
2 <a to 0 
Zz Ea a a rE 
: a*| | 4/4 [2 
a A ss 
89 3,564 
90 11,425 
91 15,485} 43 
92 116,521] 304 
93 87,027] 200 
94 21,314 
9} 346,619 
96 
Zz 
152,985] 382 i 
x 
97 
12,000 5a 
98 
99 
100 
101 
102 
103 1,527 
104 
105} 2,694,663 
106 
107 
1,630,740 
108 7,864 
109 None 
110 38,316 
lll 0,809 
112 10,683 
113 one 
114 1,288 
115 1,745 
116 18,977 
117 20,706 
118 123,681 
117 4,946 
120 170,576 
121 243,309 
122 24,261 
123 35,255 
124 17,950 
125 


End of 1937 


| Completed 


Completed to 
| Abandoned 


Number of Oil and/or Gas Wells 


Depth, Aver- 
age in Feet 


During 
1937 


At End of 1937 


25 


| Temporarily 
Shut Down 


| Producing Oil 
and Gas? 
Producing 
Gas Only 


Total 
Producing 


Bottoms of 
Productive 
Wells 

To Top of 
Productive 
Zone 


10 


_ 


PDS bet tO et tt tt 


_ 
xa 


148 


_ 


a 
DO ERO ee Coe 


2,828 


2,247 
2,554 


4,553 


EES 


2,021 


~~ 
bor per 

o 

_ 

1) 


2,322 


Z2SS2EE3 


rp 
i ™] 
eo 


So wow 
S38 S858 & 


70 


i) 
— 
S 
or 
Wowie wow 


to tre 


FS 
eae, 
oe 
Pars 
<i) 


3,268 
3,464) 3,422 


ee 
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Charac- | Character 
P. Lb ye of Oil et Gas, Deepest Zone 
ressure, 5 TOX, TOX. co 
per Sq. In.¢ eee Keerae Producing Rock Tested to End 
during | during of 1937 
1937 1937 
Average | Gravity oy 
at End | A.P.I. 5.8 
of Jat 60° F. 35 
42 os 
pes 3 > o 
3 ce Name Agef gm Ag Name 
| 2 x oe 2 ae IMo| “} Sm ue} 
3 1936/1937, S& | $313 2 )4 leg) 8 lea. =e 
Ang ct a ee es B12 es| 2 os3 ag 
S| a Sa | zo|s8 A | 5 |S2| 5 |Bes ae 
=) a ~Q oO Oo |G 14 n |Z i=} 
89 Bartlesville Pen 21 Mis 
90 Bartlesville Pen s 
91 Bartlesville Pen 5 N Ordovician 
92 Layton Pen 8 D Arbuckle 
Arbuckle Ord D 14 
93 artlesville Pen D ML Mis 
94 Layton Pen S 15 
95 35 Lans. K. C. Pen L 99 
{ Arbuckle Ord D D Arbuckle 
37 Admire Pen 8 
34 Peacock Pen Ny} 
96 34 Layton Pen NS) A 47 
Bartlesville Pen Ss ; 
Arbuckle Ord D Reagan 4,140 
97 35 Basal conglomerate | Pen | DR 8 8 | Arbuckle 
98 Encill Pen 8 D Arbuckle 
Mississippi lime Mis L 
Arbuckle Ord 
Encill Pen § AM Arbuckle 
99 36 Layton Pen 8 
Arbuckle Ord D 
100 Chat Mis L 21 Arbuckle 
101 Mississippi lime Mis L 
) 36 Encill Pen s N 
me Mississippi lime . | Mis | L 
103 Mississippi lime Mis 22 
Encill Pen iS) D Arbuckle 
104 37 Red Pen § 
Ft. Scott Pen L 
Arbuckle Ord D 
105 115 
106 32 reel conelozare ae : if D 2 | Arbuckle | 3,823 
: 29 opeka en 8 F 
107 {33 Arbuckle Ord | D 3{| D 3 | Pre-Com 
Lans. K. C. Pen 33 
108 Arbuckle Ord | D 25 3,809 
109 32 Arbuckle Ord 4 
110 30 Lans, K. C. Pen 88 Arbuckle 
111 35 Arbuckle Ord 9 
112 Lans. K. C. Pen if 
113 29 Conglomerate Pen | DR 12 
114 40 Topeka Pen L 9 1 | Arbuckle | 3,501 
115 Arbuckle Ord 4 
116 35 ‘| Conglomerate Pen | DR 5 
117 37 Lans. K. C. Pen L 81 Arbuckle 
{ Arbuckle Ord D 6 1 
118 Arbuckle Ord D 2 
119 | 31 Conglomerate Pen | DR 5 1 | Pre-Cam 
120 42 Lans. K. C. Pen L 197) D Arbuckle | 3,759 
{ 36 Arbuckle Ord D 10 2 
121 35 Lans. K. C. Pen L 4 Arbuckle | 3,923 
29 Arbuckle Ord D 6 7 
122 21 Arbuckle Ord D 3 2 
123 36 Lans. K. C. Pen L 5 
{ 33 Arbuckle Ord D 48 1 
124 Arbuckle Ord D 3,626 
125 Lans. K. C. Pen L 43 
| Arbuckle Ord D 42 


380 KANSAS OIL AND GAS DURING 1937 
TaBLE 1.—(Continued) 
Area Proved, Acres Total Oil Production, Bbl. 
Age, 
to End 
of 1937 
Field, Survey, Township, Range 
Oil = Gas Total | To End of During 
8 Gase 1937 1936 
Z : 
2 6 
3 =| 
126 Walters, 2-12-18 W............. 8 700 700 193,590 18,000 
127 Yocemento, 9-13-19 W... rae 7 40 40 60,891 None 
128 | Ellsworth County........0.....02+00 10,850,957 
129| —Breford, 7-17-10 W............- 1a bas hs uae ge 
130 Heiken, 25-17-10 W............ 3 320 320 285,713 41,384 
131 Lorraine, 13-17-9 W............ 2 5,500 5,500 5,872,069 2,430,105 
132 Stoltenberg, 21-16-10 W......... 6 6 600 600 2,058,180 213,579 
133 Stratman, 12-17-10 W.......... 6 9 600 600 1,847,867 158,024 
134 Wilkins, 13-17-10 W............ Sol9 80 80 125,664 
135 | Greenwood County.... ...........-- 3,700,000 
136 tukoabinice, 25-21-10 E........ 14 1,000 1,000 110,727 
137 Brinegar, 32-26-18 E............ 500 500 
138 Browning, 20-22-10 E........... 13 3,800 3,800 257,020 
139 Burkett, 13-23-10 E............ 13 2,700 2,700 ,632 
140 Christy, 36-24-12 B............. 160 160 
141 Climax, 4-27-11 Bio... uo. cn cee 11 160 160 6,204 
142 DeMalorie-Souder { 19-21-10 E } 
6-22-10 E 13 4,500 4,500 186,100 
143 Dunaway, 4 to 34- 22 §.-13 E.... 1,000 1,000 . 
144 Eureka, 35-25-10 E............. 17 1,200 1,200 20,200 
145 Fankhauser { 32-21-12 i} 
; 10-22-12 Ef -****" ll 2,500 2,500 53,100 
146 Hamilton { 26-23-11 i} 
6-24-12 Eft c 8 3,000 3,000 162,650 
147 Henley, 25-25-9 E.............. 2 40 40 
148 Hinchman, 17-24-13 E.......... 200 200 
149 Lamont { 5-22-12 E 
> 28-22-18 Bf s*t7:* 7° 10 2,600 2,600 170,400 
150 Madison, 1 to 15 of 22-11 E..... 16 3,000 3,000 5,500,000 284,650 
151 Pedroja, 6-26-10 E.............. 1 40 40 
152 Polhamus { 34-24-9 E 
; 9-25-9 HB gf ctctcte 15 1,400 1,400 
153 Quincy { 25-24-12 E } 
18-25-14 Ef costes ll 3,600 3,600 307,530 
154 Reece, 21-26-9 E............,.. 1,200 1,200 45,450 
155 Sallyards ea Et 
feng) chal fc rnd 16 8,000 8,000 278,000 
156 Schwab, 9-24-10 B.............. 
157 Scott oe : 
ASB: Wilf, eaeeiee aa ae 12 2,500 2,500 91,390 
158 Seeley-Wick { 22-22-11 E H 
27-23-11 Ef **""* 15 7,000 7,000 396,000 
159 Severy, 16-28-11 B............. 200 200 5,400 
160 Taylor, 6-27-12 E.............. 5 40 40 
161 Teeter {erase : 
LOR MELE teh Ore eile 15 2,700 2,700 264, 
162 | Teichgraber { 13-25-8 E 06.008 
18-25-9 Ef coco: 900 900 
163 | Thrall-Agard { 28-23-10 } 
Sf H25-9 BE foc 7,000 7,000 
164 | Virgil { Kare : } ee ny 21 18,000 18,000} 25,500,000 576,000 
165 | Wiggins ere ie \ 
6-24- eee ae | 1D 2,500 2,500 
166 | Wilkerson, 6-25-9 E................. ry ‘S00 
167} Willard, 7-27-11 B. ..:....1)0rtna.. 7 
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Total Oil Produc- Total Gas Production, . - 
tion, Bbl Millions Gus it: Number of Oil and/or Gas Wells ee ane 
During 
Fy 1937 At End of 1937 
5 
0 ie bb 

y| Tai 9 lee] | [Be ee : 

Ss of 193 Ld 5 t 
F oS S EA ae 3s 3| 3 ae wy ee wo > 2 35 we 
3 le ~ | w» | ge|23/2| 5 82) 82 [ed/25| 8 | a8./e8 

be i=} a] Ae | eg |/ El Blas! Bo lB 3 as 504 | fue 
g ae 2] 5 | 25 | 88) 2| 3 ge! Sa (Sel 2 Be | Ses \e88 
é A*| | A| & |S? |S8| S| 2 b4| £o EF 6°) & [aa leas 
126 175,590 22 19 19] 3,165 { 10 
127 None 7 4 1 ; 
128| 2,352,957 te S00 «3802 
420), 148,087 1s Gey 14| 3305] 3308 
130 26,400 11 2 5 5| 3,271] 3,269 
cee oe 107 3) it 96 oe] 3208] | 3°200 
132 213,431 20 3 16 16] 3,347| 3,333 
133 147,220 26 2 17 17| 3,271] 3,255 
134 6 4 4| 3,280] 3,260 
136 203,328 130 10 98 98 2,327 
137 9,285 40 2 31 31 
138 187,624| 532 143 20 105 105| 2,390 2,314 
139 79,070| 210 139 24 102 102| 2,100| 2,000 
140 4,60 16 11 11 1,500 
141 6 1 3 3 1,900 
142 170,637| 470 183 2 130 130 2,150 
143 93,593 82 4 61 61 1,800 
144 21,498| 65 15 15 2/000 
145 50,232 94 8 71 71 1,750 
le ea co at < MT 3168) | 2140 
148 19,814 16 13 13} 1,650| 1,600 
149 141,426 138 5 112 112 1,650 
150 229,744] 652 131 3 111 111 1,800 
151 1 1} 2,161} 2,154 
152 34,573 69 3 51 51 2,170 
153 414,703 124 99 99 1,420 
154 73,844| 293 24 1 19 19 2/100 
155 171,865} 462 166 16 133 133} 2,500) 2,350 
156 1 2,700 
157 96,053 89 2 73 73) 2,600) 2,525 
158 308,049] 1,074 407 19 330 330 1,975] 1,930 
159 
160 1 1 1} 1,897| 1,854 
161 240,842| 687 269 8 208 208] 2,550] 2,400 
162|° 21,457 25 21 21 2,450 
163 199,016] 596 283 1 255 255) 2,350} 2,190 

126,435] 1,200 474 10 417 417 1,550 

164) { 321 1,700 
165 68,573 86 21 48 48} 1,875] 1,860 
166 20,542| 45 15 15} "| 2,600 
167 11,591 13 5 4 4 
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382 KANSAS OIL AND GAS DURING 1937 
TaBLE 1.—(Continued) 
rege sree! 
terofOil,| of Gas, Deepest Zone 
Pressure, Lb. | Approx.| Approx. A pe 
per Sq. In.¢ | Average| Average Producing Rock i nae nd 
during during : 
1937 1937 
Average | Gravity | 
at End | A.P.I. | 
of at 60° F. Ze 
3 > 8 
x 2 a Name Agef ge 4 s Name 
5 salpates gl- ae] = [ee me 
Z| _ |issejiea77 SS | 8x | 85 3/2 \E8| 8 lsvs ae 
gala es | 35/Ce £ | 2 ls] 8 fgs= Pt 
Sallis: 3 HA lg Els oa 
38 EA | sola 8 | \2<| & 22s gn 
35 Topeka Pen L 35 3 3,719 
126 { 26 { Arbuckle Ord D 
= 32 ans. K, C Pen 5 fi 4,358 
129 Lans. K. C Pen L 30 
45 { Arbuckle Ord D 27 4 3,500 
130 39 Arbuckle Ord D 21] A 4 3,343 
131 KC Pen L 107 
46 { Arbuckle Ord D 5) A 8 3,628 
132 44 Arbuckle Ord D 14, A 1 3,448 
133 43 Arbuckle Ord D 16} A 7 3,344 
aH 46 Arbuckle Ord D 20 2 3,305 
a“ 41 Bartlesville Pen s ML 22 
7 
138 41 Bartlesville Pen § 76} ML 18 
139 41 Bartlesville Pen s 100} ML 13 | Arbuckle 
140 Bartlesville Pen s 5 
141 32 Mississippi lime ML MC 2 
142 41 Bartlesville Pen 8 ML 51 
148 Mississippi lime Mis L 18 
144 Mississippi lime Mis L MC 
145 41 Bartlesville Pen 8 ML 15 
146 41 Bartlesville Pen 8 72| ML 36 
147 Mississippi lime Mis L 25 
148 Mississippi lime Mis L 
149 41 Bartlesville Pen ) ML 11 
150 41 Bartlesville Pen Sy ML 17 
151 Mississippi lime Mis L 7 
152 Bartlesville Pen s 14 
153 38 Bartlesville Pen S 25| ML 25 
154 Mississippi lime Mis | Ls MC 4 
155 Bartlesville P 8 ML 
156 Arbuckle so a ug 
157 Bartlesville Pen 75| ML 14 
158 42 Bartlesville Pe Ss 45) ML 
159 Mississippi lime Min L 3 MC Ms 
160 Mississippi lime Mis 43 
161 41 Bartlesville Pen 150} ML 53 
162 Bartlesville 4 
163 Bartlesville Pen Ss 1 
164 41 Bartlesville Pen 8 iy ML it 
Mississippi lime Mis G ML 
165 40 Bartlesville Pen 8 15} ML 
He 41 Bartlesville Pen 8 ML 4 
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Area Proved, Acres Total Oil Production, Bbl. 
Age, 
to End 
of 1937 5 
Field, Survey, Township, Range 
is Leelee To End of | Duri 
an 8 Total o End o} uring 
S Chase ¥ : 1937 1936 
4 
a + a 
2 B |e 
= > |S 
168))| Harvey County... 2.0... c-2. seer eee 17,1 3] 1,499.3 
169 Halstead, 11-23-2 W............ 9/5 1,200 1,200 ¥ 30,058 31750 
170 Hollow-Nikkel (30-22-3 W..... 6} 1 1,500 1,500 
Mes tl Be 
-22-3 W..... 16,333, 1,354, 
30-293 W. 6,333,585 54,600 
171 Sperling (24-22-2 W........... 3 il 500 500 
23-22-2 W........++- 94,567 21,502 
DODO Wess crersideieiet 
ML aehelt County ce aictee aeloye orate sera cks 
Y 172 Bantasbens. 1 races scnanie tan ela: 
173 | Kingman County........-02.0+.+5+: 1,472,304 211,527 
173a Canakegham, 30-27-10 W....... 7 1,200 1,200 1,445,304 211,527 
174 | McPherson County ........----+-+++ 55,537,861} 4,383,519 
175 Bornholdt, 30-20- BL Wiss eaaieeaies 5 40 40 1,647 
= Canton North, ts Wee aCe 6 40 a 40 24,827 9,784 
rEg, ay Wiser ccahah 8 700 
{ 700 aot] 849,849] 187,280 
178 Graber { 17-21-1 W...........-- a 40 40 
Social Week git: cA 3 |'8 2,400 2,400 } 2,043,081) 474,470 
179 Johnson (35-19-38 W............| 5 il 1,200} 1,200 
9:00.-8 Wis meena 1,200 1,200 2,100,000, 174,000 
180 McPherson Aas bi Re ite. 11 ‘ 2,000 
18 H2. Wig acaiant 9 
¢ Ane) 200 600,000] 160,700 
2 27-18-2. We... 11 | 4 
181 Ritz-Canton ( 12-20-2 W........| 9 | 1 13,000} 18,000 
1220-2) Weswnccssh 6 i.e 
13,000 13,000 28,850,360} 2,317,100 
30-19-1 W....... 
7-20-1 W.....-.-- 
182 Woshell (34-2023 Wiecase? eee) 28) |5) 3,500} 3,500 
: SIAM a nee 
: GED Te Ou Weise rest mts 3,500 21,068,598 1,100,633 
a 9-21-38 W rise 
183 | Marion County..........-6-+ ++ +25: 269,378 
Ls 184 Loree oats, 21-4 E.. saat AN ie 2,400 2,400 67,200 
: 185 Florence Urshell, 20-21-5 Ry eee 187 1 3,000 3,000 68,400 
186 Hillsboro, 7-19-3 USS aise aia 10 | 3 300 300 120,900 
187 Lost Springs, eit a eS ind 11 | 4 2,400 2,400 12,900 
188 Peabody, 5-2 eee ee eer Lon, & 3,000 3,000 
189 Propp, 8-19-4 E.. Fee cel TED 
Morton gid : See under Southwest Kansas 
191 ee Ti, i else Wed gah ca ao 8|3 40 40 le 
| rich, 7-18-25 W........+2+++ 
{ ae 0 } 19,174 7,070 
192 | Pawnee County.......--+++22--50+> 
193 Pawnee Rock, 13-20-16 W......- 1|4 160 160 9,876 
Pratt County: 
194 Cairo, 7-28-11 W........----5+- 2 160 160 
195 ee. He Ww. eae at 5 40 40 2,921 
196 | Reno County .......cesee reese eee’ 23,833,614) 6,043,935 
197 Aes 94-94-8) Wi. ca. 2s view 10 |il 1,200 1,200 281,685 51,185 
198 Burrton (23-23-4 W.........-- 6|9 
OR UN erhaote 6 {11 5.000 
O60 9-4 Wiauas wes sinet 13 | 9 5,000 21,410,489) 5,364,976 
oS A Wikre smtaye iste 3/1 
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TABLE 1.—(Continued) 
a i a 


Total Oil Produc- Total Gas Production, * Depth, Aver- 
tion, Bbl. Millions Cu. Ft. Number of Oil and/or Gas Wells age in Feet 
During 
P 1937 At End of 1937 
5 
During % To End 2 : 
3 ° =] 
B 1937 | #,_| of 1987| © | nw | Am | 85 me 6 ie 2 
E BS S| 2 | 2 |E2| E/E fee] we lez] ee) 2/22 [od 
5 ale w} w» | ge |es|2| g |sA| ee 33 36| 3|88.|28 
a 2 g a | Bee | S| S [asl sO jaS) shi _ esa|cue 
© Be te 5 | 8 | ge] al € l82] Ba lSzleszl/S8|Sszlese2 
Es az, 2 | 2 | 38 |55/5| 8 |Sa| 8S (28) BS\SF| SES ICES 
3 a ALS SS OSS) ee | Pa ea ST Pere pete 
168 1,509,535 
169 320,656 39 8 21 21} 3,005) 2,972 
2) 2 2,520} 2,499 
) 20 3,208} 3,195 
170 1,217,585 \ 173 29 132 132] < 3,509} 3,507 
3,514 500 
171 31,882 5,585 ll 11} 3,142) 2,955 
vi 7} 3,345} 3,279 
2 1 1} 3,463) 3,447 
172 See under Southwest Kansas 4 4| 2,747) 2,744 
173 39 39] 3,464] 3,390 
173a 4 4) 3,958} 3,925 
1 1} 4,094) 4,055 
5 1 1) 4,109} 4,094 
174 5,037,862 1,110 
175 1,647 1 1} 3,335) 3,292 
176 15,043 1 1) 2,832] 2,803 
1 1 2,363 
177 162,000 26 26} 3,009} 3,007 
6 1 1} 3,007} 2,996 
178 { 1 2 3} 3,360} 3,323 
1,404,020 76 53 95 95| 3,298]- 3,274 
179 600 2 2} 3,019) 2.984 
359,005 30 6 17 17} 3,046) 3,032 
180 6 6} 2,943) 2,927 
2,978) 2,967 
26,800 33 33) < 3,200} 3,140 
2,395] 2,340 
181 49 49) 2,983) 2,972 
1,981,360 374 eee ore 
1981, 899 ’ 
a 266 | 2668/4 3%14) 3°19 
3,444) 3,440 
‘5 Lula] Ea 
1,668,598 orks f 118) 3395] 3'309 
183 3,494] 3,483 
184 63,449} 172 28 28| 2,435] 2,330 
185 60,040 21 21] 2,340] 2,300 
186 95,469 14 14 2,800 
187 100,911 52 52 2,365 
188 80,473 40 40 2,532 
189 3 3 2,370 
190 
" {: oR) a 
192 i er 
193 9,876 5 5 5] 3,841] 3,815 
194 42 42 2 2 4,278 
195 2,921 1 1 : 
196 6,038,614 4,299) 4,292 
19 ’ 2 6 3,544] 3,540 
198 24,436 | 5,802 63 63} 3,308] 3,266 
3,375] 3,365 
8,310,489 427 1 3,591} 3,585 
| 3,784] 3,775 
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171 
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177 
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Charac- | Character 
S ‘a - of Oil, re Gas, pteety, 
ressure, Lb. TOX. TOX. 5 epest Zone 
per Sq. In.¢ Lari Aeenge Producing Rock Tested to Hnd 
during | during of 1937 
1937 1937 
Average | Gravity = 
at End | A.P.I. 58 
of |at 60° F. ee 
as 
~~ s 
2 8 
& Name Ages lo PS ; 
2 < g : ge as Name 
he i=} m Sey |sac i! Se Sips as 
1936|1937] 2% | B=|45 21% ga] § legs si 
3 Ge | BSN & |3 8] € |228 ae 
= Be 2c as 2|& |se| & |B a 
a ele i Slee tae as 
’ 68 
35 Chat Mis IR $37 A 10 3,860 
Lans. K. C. Pen L 21| Af 
Chat Mis IR 13 
43 Hunton §.D |-L 2) Af 
Wilcox Ord 8 14 
Arbuckle Ord D 12 3,820 
1,200 171 35 Chat Mis IR 87| A 
35 Hunton SD L 66) A Arbuckle | 3,610 
Wilcox Ord s 16 1 
Fort Riley Per L 
47 
36 Lans. K. C. Ord L 74| AB Arbuckle 
Viola Ord D 33 
Simpson Ord 8 39 
Arbuckle Ord D 15 4 | Arbuckle 
192 
Chat Mis | IR 43 
Chat Mis | IR 29) A Arbuckle 
Lans. K. C. Pen L A Arbuckle | 3,520 
37 Chat Mis | IR 
Chat Mis | IR 5 
1,040 Misener Mis | DR 
41 Hunton SD L 24) A 0 | Arbuckle 
990 Chat 
{ 37 Chat Mis | IR 14) AF 7 | Arbuckle | 3,619 
Chat Mis | IR 16 
37 Chat Mis | IR 11 : 
Viola Ord L 60 
35 Lans. K. C Pen L 55 
Chat Mis | IR 11 
32 Chat Mis | IR 35 
37 Lans. K. C Pen L 39| D 
Viola Ord L 2 
32 Wilcox Ord s 4 37 | Arbuckle | 3,644 
36 Chat Mis IR 53 
42 Viola Ord L 3} Af 
Wilcox Ord 8 3 
41 Arbuckle Ord D 11 
32 Viola Ord L D Pre-Cam 
34 Viola Ord L D 
37 Viola Ord L 1_D Arbuckle 
37 Chat Mis IR MC Arbuckle 
32 Viola Ord L D 
785 Chat Mis IR MC Hunton 
9 
Fort Scott Pen L 21D 
33 { Miss. lime Mis | L yb) 
36 Arbuckle Ord D 26 
Viola Ord L 
Simpson Ord D 7 ne 
37 Lans. K. C Pen L 4) A 3 | Arbuckle 
739 Chat Mis | IR 162 
37 Chat Mis | IR 10| Af 
42 Hunton 8-D L 6 
42 Arbuckle Ord D 9 Pre-Cam 


386 KANSAS OIL AND GAS DURING 1937 
TaBLE 1.—(Continued) 
Area Proved, Acres TotalOil Production, Bbl. 
Age, 
to End 
of 1937 
Field, Survey, Township, Range 
Oil 7 
. To End of During 
8 Oil Cad Gas Total 1937 1936 
8 
Z me | 
© a =I 
: f\: 
199 Hilger, 16-26-4 W.............. 3 |10 600 600 953,604} 301,341 
200 Lerado, 10-26-9 W.............. Py i 1,800 1,800 1,146,800] 334,187 
201 Nickerson, 4-22-7 W............ 6 40 198 
202 Yoder, 34-24-5 W.............. OVE 500 500 40,838] 19,296 
203 | Rice County), eed scchs.ccssckccs 31,936,218]11,216,771 
204 Brandenstein, 10-19-10 W........ 4/2 160 160 309,516] 42,395 
205 Bredfeldt, 7-18-9 W............ 8 40 40 4,012 
206 Chase {19-9 W................| 6 |10 
0-10 We ky. SR eee 4,800 4,800 13,836,088] 3,499,950 
207 Campbell, 28-19-9 W.......... 1 40 
208 Cramm, 15-19-9 W............. 5 160 160 16,643 
209 Doran, 13-19-10 W............. VAs 160 160 53,266 7,418 
210 Edwards, 3-18-8 W.............| 1 |11 700 700 677,750| 180,570 
211 Galt:8:18-7) Wee eases eae es aalnd 40 40 16,072 9,755 
212 Geneseo, 25-18-8 W............. 3 | 8 3,000 3,000 1,527,003] 397,000 
213 Guldner { 16-18-9W........... 216 160 160 
192,356] 109,100 
214 Haferman, 16-19-9 W...........} 1] 7 500 500 216,805 54,800 
215 Keesling, 10-20-9 W............ 2/9 600 600 1,727,843] 874,170 
216 ie 40 40 
ai cane ra on 436,402|! 84,100 
218 Tie? 300 300 941,435] 204,315 
au 8) 71) 4,000 1,000 | — 4,971,184] 1,111,500 
220 2/3 40 40 29,988] 12,722 
221 
292 
223 Aled 40 40 3,962 
ee cues. ace own 1 P 40 40 
tumps, 5-18-10................ 
226| Stumps, 5-18-10... a eS 1,000 1,000 325,475) 160,860 
227 Thurber, 22-21-9 W Lape 2 40 40 
228 Walchijiocct Ao Re ee 13 | 9 1,500 1,500 3,800,774] 225,160 
929 Welch, North, 23-20-6 W....... 6 160 160 ,749 
230 Wenke, 7-20-10 W.... 2 |10 40 40 98,496 8,700 
231 Wherry, 11-21-7 W....... 4|3 6,000 6,000 2,735,111] 67,585 
232 Wherry, East, 12-21-7 W 3 160 160 6,28 
233 | Rooks County: 407,663 
234 Dopita, 31-8-17 W.............. 3| 9 160 160 26,989 1,900 
235 Faubion, 12-6-18 W 1 |10 80 80 18,390 4,020 
236 Laton, 11-9-16 W.. 10 | 6 200 200 200,000] 25,228 
237 Nyra, 9-9-17 W.... 4 40 40 
238 Stockton, 35-7-17 W. 8 160 160 7,678 
239 Webster { 15-8-19 W. Ce 40 40 50 
L21-8-19 W, 7| 2 40 40 ay 
240 Westhusin, 11-9-17 W Benn fe 300 300 46,257 0 
241 Zurich, 26-10-19 W.............| 2| 3 80 80 52,147] 19,305 
242 | Rush County: 273,04. 
243 Otis ( 11-18-16... 7/9 9,000] 9,000 
_ 7 10-18-16... 315 500 500 242,755] 36,170 
244 Winget, 15-16-16............... 80 80 23,53 
245 | Russell County: 35,811,431] 6,500,426 
246 one 21=14s14) Wicnee cccee don 5 80 80 9,858 
247 Anschutz, 10-15-13 W........... 1] 9 80 80 47,414] 22,426 
13- 16,488 
248 Atherton, 30-13-14 W.......... 2/6 400 400 176,451 { 0's 
249 Balto, 32-13-14 W........... ede tha 120 120 69,419 
250 Benso, 9-14-15 W.............. 1 |10 40 40 15,771 6,311 
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| Line Number 


Total Oil Produc- Total Gas Production, . Depth, Aver- 
tion, Bbl. Millions Cu. Ft. Number of Oil and/or Gas Wells age in Feet 
7 At End of 1937 
2 
During ee To End a 
S or =| 
1937 2, |0f1987| © | = | AS |2s be S) oe © 
es &| 2 | a2 |82|/z| 2 (8) wp lealee| Piles [es 
he bo ry) gw] 2s) 2| Ss \6 SE 1385|'SS 3 | 838. Bis 
me w| 2 | £2 |e5| | 85] 2c ulgal ws |SBsle88 
—2 | 8 | 25 | 88) 2] 8 |2e| Ss SEES] 56 | SEEl ees 
Aa a acl Ss= (Shi siaie4|) eo Gas es jae les 
539,041 40 34 34 4,062 
ar : | | ae a 
2,316,218 fs ad ‘ : a ae 
"30,510 10 3,014 
4.012 s 238 
{ 1,727,344 266 8.246 
16,643 : ete 
or iso 38 3,278 
ater 6 3,205 
806,157 60 3,132 
{ 626 468 a 2,884 
162/008 11 3,192 
i 42 3,239 
618,673 ; fee) 
403 403 1 : 3.279 
94,538 13 oe 
140,096 13 3,130 
831,184 69 { 3,830 
13,252 3 ; 
se 3 
001 
164,615 13 com 
sa 
100,974 37 3/339 
9,749 : ane 
79,269 153 3,358 
2,096,276 : a aee 
3,409 
22,983 : : 3,409 
14,370 : : 3/098 
13,305 3 1 3/255 
; 2 3,118 
7,698 (i 3/215 
46,257 4 3/340 
30,257 
3,507 
20 3,527 
204,000 , 7 31243 
93,531 
11,811,431 . 3,008 
24,988 . 8 3,008 
56,327 3984 
3,200 
3/301 
2 3.030 
9,460 
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aan acer 
ter of Oil,| of Gas, Deepest Zone 
Pressure, Lb. | Approx.| Approx. . 
per Sq. In.¢ | Average| Average Producing Rock a ee - = 
during | during 
1937 1937 
Average | Gravity ao} 
at End | A.P.I, §§ 
of at 60° F. Bo 
oo a 
Aaa " 8 ps 
F 2 3 Name Ages 2m A iS Name 
as 2 BA! Sh $ 
g ze |s./sd Ble [sel Sao ae Sk 
= By 1936/1937 ae ra és 2 5 BE 2 PE ag 
2 3S 3 BeicH# a 4 ol pgld ee ay AS 
| 8 BS | ROlg a Sle lat] #& |zZ-5 am 
199 40 Viola Ord L 5} A 6 | Arbuckle 4,348 
200 40 Viola Ord L 19] A 6 | Arbuckle | 4,836 
201 Lans. K. C Pen L 44 
202 36 Chat Mis | IR 49| A a Arbuckle 
203 
204 44 Lans. K. C Pen L 12| D 8 | Arbuckle | 3,414 
205 Arbuckle Ord D 17 
206 Admire Pen 8 3 
45 Arbuckle Ord D 38} A 27 | Pre-Cam_ | 3,772 
207 46 Arbuckle Ord D 13 
208 ans. K. C Pen L 71 
209 Arbuckle Ord D 20 3 3,324 
210 41 Arbuckle Ord D 4| D 5 | Reagan 4,277 
211 39 Arbuckle Ord D 25} A 5 3,662 
212 39 oe ten a os “ 43) D 6 
ns. en 41 
213} 1,040). 45 {Pe kie Ord | D 3| D 3 3,873 
214 48 Arbuckle Ord D 24 3 3,850 
215 42 Arbuckle Ord D 26; A 3 | Pre-Cam | 4,103 
216} 1,045 Arbuckle Ord D 6 
217 Lans. K. C Pen L 21 
43 Quartzite iN) 3} D 2 | Pre-Cam 
218 . peas ve 4 19 3 | Reagan 
ns. en 10 7 | Reagan 
219 { 43 Arbuckle Ord | D 21 
ro 47 Wilcox Ord Ny} 141 2 | Arbuckle 
222 
223 Lans. K. C. Pen L 18 
224 33 Conglomerate Pen 4 
225 Lans. K. C. Pen L 1 
226 43 Arbuckle Ord D 38) A Pre-Cam 
227 Conglomerate 
228 33 at Mis IR 44) A 6 | Simpson 
229 Chat Mis IR 32} A 1 
230 40 Arbuckle Ord D 13 
231 38 Conglomerate Pen | DR 27| MC 13 | Arbuckle 
232 Conglomerate 
47 
233 { 36 Lans. K. C Pen | L 5] A 
234 25 Arbuckle Ord D 10 1 3,840 
235 36 Lans. K. C. Pen L 22 
236 40 Lans. K. C, Pen L 33] A 
237 34 Lans. K. C Pen L 5 1 
238 Lans. K. C Pen L 62 
239 { 35 Lans. K. C Pen L 10 
25 Arbuckle Ord D 3 
240 Lans. K. C Pen L 11 
ve 36 Lans, K. C Pen L 9) A 3 {Simpson | 3,687 
46 
1,140 Reagan Cam | § 
24g | { 1140), ov pong 
an Cam | § 3 | Pre-Cam | 3,762 
a 39 Lans. K. C Pen 8 4 1 3,612 
207 
246 Lans. K. C Pen 47 
L 7 A i R one 
an 3,624 
D 5 Fn 
L 
D 
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Area Proved, Acres 


Total Oil Production, Bbl. 


Oil 


Age, 
to End 
of 1937 
Field, Survey, Township, Range 
a 
| 
=} nm 
a rn es) 
o & i=] 
is iS) 
3 2/3 
251 Berrick, 6-15-13 W............. pias 
252 Big Creek, 30-14-14 W.......... 2 6 
253 Boxberger, 36-15-15 W.......... ial oe 
254 Bunker Hill, 31-13-12 W........ 2)2 
255 Coralena, 17-15-13 W.......... 1} 3 
256 Dillner; 35-18-15 Wi, acess secs 5 7 8 
257 Donovan, 10-15-15W........... 2) 10 
258 Dubuque, 34-15-12 W........... Zi 2 
259 Hichman, 34-15-13 W........... 2 8 
260 Fairport, 12-15-16 W........... 14 2 
261 Gorham, 13-14-15 W............ ll 2 
262 Gurney, 23-14-14 W...........- 2} 10 
263 Hall) 30-14-13 Wises... 020-6 6 2 
264 Hall, North, 20-14-13 W........ 2 
265 Letch, 34-14-18 W.............. 1 6 
266 Neidenthal, 23-14-15 W......... 3 5 
267 Russell, 27-13-14 W............ 3 | 10 
268 Sellens, 26-15-13 W............- 8 6 
269 Steinert, 21-15-15 W...........- 1| 10 
270 Trapp, 30-15-13 W............+ 1 9 
271 Vaughn, 17-14-14 W............ 8 
272 Williamson, 9-14-14 W.......... rere 
QTR SCOLR COUNTY ses c.cyies = -lsiele oles rigisinini 
274 Shallow Water, 15-20-33 W...... 3 1 
275 | Sedgwick County.........++++0++++5 
276| Andover South, 36-27-2 E....... fe 
277 Bentley, 19-25-1 W............-| 3] 9 
278 Cross, 26-25-1 W..........--06 8} 9 
279 TN MinBer kocasnais sco gs Sanaa 
280] Eastborough, 19-27-2 E......... 8| 5 
281] Goodrich, 16-25-1 E..........-. 9 
282 Greenwich, 14-26-2 H..........- 8} 8 
283 Kuske, 24-25-1 E..........+..-- 8 
284 Oatville, 18-28-1 E...........-. 2 
285 Robbins, 20-28-1 E.........-... Saleen 
286 Schulte, 6-28-1 W............-- Balen 
287 Valley Center { 1-26-1 W. \ 91 5 
11-26-1 Wj" ° 
288 | Stafford County.......-....0seeeess 
289 Drach, 12-22-13 W...........+. 2 
290 Gates) 27-21-13) Wissen cee ues =e 4| 8 
291 Jordan, 15-25-14 W..........-.- Pie, 


During 
1936 


Oil 
d To End of 
pu : Gas Total 1937 

160 54,803 
640 658,671 
160 86,152 
160 28,670 
600 203,240 
40 61,154 
40 16,388 
160 95,043 
800 372,368 
3,600] 12,490,347 

6,000 
10,197,151 
1,800 437,776 
800 781,955 
40 992 
600 76,695 
600 634,092 
1,200] 3,212,118 
1,200] 1,776,236 
40 19,674 
7,000] 3,910,186 
200 113,746 
160 20,866 
151,446 
600 151.446 
39,255,188 

80 = 
40 5,115 
160 51,138 

80 80 
1,000 { 7,216,665 
640!) 1,849,921 
700| 8,513,655 
40 132,561 

40 
420| 2,511,311 
80 60,000 
1,500} 18,863,289 
3,106,280 
40 1,690 
160 319.965 
160 51,169 


25,074 


59,540 
10,628 
5,904 

0 
11,143 
56,500 
217,672 
929,418 


1,494,728 


134,800 
244,000 


4,336 
236,439 


9,301 
1,641,543 


304,798 
109,920 


442,782 
11,560 


577,400 
715,106 


66,577 
0 
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Total Oil Produc- Total Gas Production, . Depth, Aver- 
tion, Bbl. Millions Cu. Ft. Number of Oil and/or Gas Wells age in Feet 
During 
- Aes At End of 1937 
5 
Dae |e (Te Bal 2. | ss a: 
ey &, | of 1987) © | ~ 1A = > o «= 2 2 
E LE =| 2 | 92 |¥2/3| zs] ze [ea}zz| 2/38 [es 
1 bo oe 3 & “3 Bat 5 35 a S 
F BE £| 2 |: | Eel 8) 3 [23] gs lee e3) Ze |deslcee 
§)__fae|_ || | 28 [84] 8) 4 a es Bae) BF | 3eF ee 
251 29,729 4 3 3] 2,045] 2,804 
252 470,855 34 31 { 31 ster He 
253 25,712 5 4 4) 3:151| 3,147 
254 16,042 4 4} 2/981] 2/965 
255| 197,336 9 9} 2'881| 2790 
15 15| 3/188] 3.183 
256 Abandoned 7-1-36 0| 3'308| 3.300 
257 1,445 2 1 1) 3,199] 3.193 
258 37,152 4) 31278] 3.275 
259| 147/948 19 17| 3/326] 3.316 
260| 5197130 151) § 2'962| 2,950 
3/217| 3,211 
2,550| 2,525 
ae1|2 4135,028 2'870| 2,765 
255 255| < 3,057| 3,027 
3'300| 3,299 
3,293| 3,289 
262 a 8 8 2/675 
282,833 21 21) 3,006} 3,001 
263| 324,000 ; 28 28] 31085] 2,985 
j 6 6| 3:454| 3451 
264 992 1 1} 3/180} 3/170 
265 72,359 15 15 { cen tee 
266| 153,007 17 15 15} 3.250| 3.246 
267} 863,532 61 2 { is ot eee, 
268| 312,000] 718 30 30 { 3.097 3,088 
34 3'365| 3,352 
269 12,197 2 1 1) 3,097| 3,060 
3,064} 3,062 
270| — 1,853,217 261 256 256 { segs] Seen 
271 113,746 17 17| 31034] 3, 
272 3 3] 21550] 21522 
z 
9 7 4, 4,670 
275| 1,005,188 — 
276 | : 2 2 2,022| 2,000 
'099| 3,098 
277| ~ None bandoned 1 2/911 
278 12,638 2 2} 2,730} 2/690 
279 1 1 2.282| 2.215 
2'9 "956 
230| 268,844 49 49 sta sty 
281 188,864 29 22 22| 4 3/020] 3/010 
3,337| 31334 
232| 443,881 43 zs { 2808 2/865 
3,327| 3/321 
S eles 
t ’ 9 
285 82,179 56 56| 3,102| 3,090 
286 Abandoned 3,652 
23572 
287 106,678 4 
288| 1,126,084 ome 
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Charac- | Character 
P a ie of Oil,| of Gas, D tz 
ressure, Lb. : eepest Zone 
per Sq. In.¢ Average none Producing Rock Tested to End 
during | during of 1937 
1937 1937 
Average | Gravit 
at End ae. : Be 
of —_jat 60° F. SF 
as 
~~ Ban 
~ ~ o 
3 3 < Name Agef & & ig Name 
| amo w Od % ee ilienay Sh nS 
3 oO : oa 2 ood ey rape] = 
Z|. |i936937| 38 | az lgs 3 |2 ie) 3 |g38 ig 
2| 3 BE | aac £18 el & (ese a3 
| 4 BS | a0 [Ss 5 1& lat| @ lame am 
251 39 Conglomerate Pen L 51 1 | Pre-Cam | 3,250 
252 35 Lans. K. C. Pen 
Arbuckle Ord D 4, A 3 | Arbuckle | 3,215 
253 37 ans. K. C. Pen L 4 1 | Arbuckle | 3,419 
254 39 Lans, es ah 3 16 Arbuckle 
ope! en 91 
205 | Arbuckie 5 
256 30 ‘buckle Ord D g| A 
257 41 Lans. K. C Pen L 6| A 1 | Arbuckle | 3,350 
258 40 Arbuckle Ord D 3} AC Pre-Cam 
259 36 Arbuckle Ord D 10} A 2 3,443 
260 { 38 Lans. K. C Pen L 12| A Pre-Cam 
42 Gorham Pen iS) 6 
261 40 Tarkio Pen L 25 
Topeka Pen L 5 
38 Lans. K. C Pen L 30| D Pre-Cam 
34 Gorham Pen NS) 1 
35 Arbuckle Ord 4 
262 38 Topeka Pen L 531| A Pre-Cam 
ae - fog ie Cc a p 5 4 
8 ans, K. en 100 
40 Arbuckle Ord | DR S) a}) 2 | Pre-Cam 
264 Arbuckle Ord 10 
265 38 Tarkio 
40 ‘buckle Ord D 4| A 2 3,387 
267 38 Lans. K. C Pen L 9| D 
33 Arbuckle Ord =) D 6 10 | Pre-Cam_ ‘| 3,520 
268 | 37 Lans. Pen L 9} A 
38 Arbuckle Ord D 13 4 | Pre-Cam 
269 35 Lans. K. C Pen L 37 1 
270 Lans. K. C Pen L 2 ; 
Arbuckle Ord D 1 5 3,629 
271 Lans, K. C Pen L 
a 35 Tarkio Pen L 28 
au 26 Vaniman Mis L 16) A is Arbuckle | 5,509 
27. 
276 Stalnaker Pen 8 22 
Wilcox Ord 8 1 
277 34 ans. K. C Pen L 1| A Arbuckle 
278 35 Lans. K. C Pen L 40; MC Ordovician 
279 Stalnaker Pen 8 17| ML 
280 42 Chat. ~- Mis | IR 
44 Viola Ord L Arbuckle 
37 Ghat ty Mis ik 10 7 
281 3 at is 
38 Viola Ord L Bi) Arbuckle 
39 Chat Mis IR yl 1b) Arbuckle 
282 |. { 42 Viola Ord | & 6 
283 So acees Pen 4| ML 
284 45 Wilcox Ord 5 2 
285 42 Chat Mis L AC Arbuckle 
286 44 Wilcox Ord § 
287 Lans. K, C Pen L 120 
43 Viola Ord L 4 Pre-Cam | 4,275 
288 72 
289 > 35 Arbuckle Ord 2 
290 38 Arbuckle Ord D 16] A 4 
291 37 Lans. K. C. Pen L 5 1 
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During 1937 the total production of the state reached a new high 
figure at 6914 million barrels. This represents an increase over the 
previous year of approximately 12 per cent. By using the modern 
measuring stick of oil capacity, potentials, the phenomenal rise is even 
more emphatic. For, whereas Kansas in October 1933 had a potential 
capacity of only 200,000 bbl. per day, the figure at the end of 1937 had 
passed the three million mark. 

In this connection it is interesting to record the inauguration of the 
use of the decline curve in determining potentials. This method was 
introduced by the State Corporation Commission after long continued 
research on the subject. During this year also began the policy of 
ratable taking of gas when the Otis gas field was prorated by the Corpo- 
ration Commission. 


OUTSTANDING PooLs 


The most active drilling campaigns were in the Trapp, Bemis and 
Silica pools, which lie along the northeastern flank of the central Kansas 
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SS EEE EE 
Area Proved, Acres Total Oil Production, Bbl. 
Age, 
to End 
| of 1937 
Field, Survey, Township, Range 
Oil = To End of During 
FA Pome accede | (et a: 1937 1936 
3 
: 2 
© zg g 
g $ | 
s Ae 
292 i 1 40 40 22,201 
293 chardson, 36-22-12 W F148 1,200 1,200 2,384,928 487,493 
294 Sittner, 33-21-12 W.... 5 300 300 2,927 
295 Snider, 3-21-11 W.... 1 9 320 320 
96,173 43,060 
296] St. John, 23-24-13 W........... 2] 9 700 700] { 209,780) 22,312 
297 Zenith, 23-24-11 W............. 4 160 160 11,767 
298 | Sumner County .........csceccess0. 37,729,959 2,382,372 
299 Anness, 2-30-4 W..... 3 40 40 5,166 
300 Caldwell, 17-35-38 W............ 8 8 160 160 1,164,971 44,609 
301 Churchill, 25-31-2 B............ 11 6 1,000 1,000 17,694,482 396,000 
302 Oxford, 28-82-2 B.............. 10 5 800 800 13,302,694 
303 Oxford, West, 17-32-2 E......... 118 160 160 447,194 
304 Padgett, 23-34-2 B............. aS 1,800 1,800 1,600,000 104,953 
305 Rutter, 21-83-2 H.............. 11 | 6 40 40 13,601 0 
306 Vernon, North, 15-35-2 E....... 22) 6 100,902 
307 Wellington, 33-31-1 W.......... 8 1 1,200 1,200 2,504,685 667,441 
4 - oa . She Hyishle ger inte deiueniere 2 40 40 
POGO) COUMEY TA ous ists ig ware Bile alee Cates: 237,566 
310 Gugler, 36-12-21 W......... 1 1 40 40 rons 
311 Wakeeney, 14-11-23 W.......... 3/| 3 1,800 1,800 217,641 75,258 
Woodson County: 
312 Big Sandy, 13 to 23 of 26 S-14 E 400 400 
313 son perry 26-23-14 B....... 6... 300 300 
$14 Wiede, 32-28-15 E.............. 600 
315 Winterscheid, 15-23-14........_. 310,876 
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uplift. They all derive their production from the Arbuckle limestone, 
which still holds first position from the standpoint of productivity. At 
the close of 1936 the Trapp pool had 47 wells within an area of 1000 acres. 
One year later 286 wells were producing from an area of 7000 acres. Not 
only that, but drilling toward the south had extended the South Trapp 
area to cover 1200 acres and another discovery well classified as the 
Southwest Trapp pool outlined an eventually productive area, which 
threatens to rival the famous El Dorado pool of Butler County, with its 
25,000 acres. A potential of almost 500,000 bbl. places the Trapp pool 
at the top of the list. 

The Bemis pool lies 40 miles northwest of the Trapp pool, in Ellis 
County. It was discovered late in 1935, and had 25 wells at the close 
of 1936 in an area of 360 acres. One year later this pool covered 3200 
acres, on which there were 148 producing wells. The limits had not 
been-found and indications pointed to an eventual merging with the 
Shutts and possibly other pools of Ellis County. The potential produc- 
tion of the Bemis pool at the close of the year was 326,000 barrels. 
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Total Oil Produc- Total Gas Production, . Depth, Aver- 
iG BDL. ~ : Millions Gu. Ft. Number of Oil and/or Gas Wells age in Feet 
During At End of 1937 
& 1937 
During |e | To End 2 
uring 2 o En ‘a me 
I oO aS or ya 6 ‘= 
3 1937 Bs of 1937 8 3 ge re 3 3 iS >, | He] wb a 3 se 
2 — ~| > | ae leclel s Bel Se fsd| 25 _8 | 222/28 
‘4 Zs 2| 2 | 22 |e2|e| = les] 2S leeleal es | Stele? 
3 S| i} foe on| 6 = <a = 
3 aA B| 2 | 33 | 2a\8| 3 \f2| £5 |£5/£°| && |a** lees 
22,201 1 1} 3,906] 3,827 
08 33137 62 55 55| 3,599] 3,537 
293 753, 
294 2,927 5 4 4| 3.414] 3/278 
52,813 1 1] 31138] 3,111 
295 : 4 4| 3.249] 3/294 
2 : | as) te 
2 6 1 ! : 
297 767 4 +, 3,808] 3,804 
nearer: 1 1} 4401] 4304 
300 43,800 4 4| 4:784| 4.778 
301 94,482 71 71] 1,867 1,855 
302 618,694 : 67 67 { nel ara 
303 4 3 . 
304|. 93,395 20 18 8| 3,502) 3,474 
305 ; 1 1 3.315 
ne 92 92 3668 3668 
oa seen 1 1} 3,869] 31866 
310 ee 1 1} 3,838] 3,830 
311 96,000 16 1 12 12) 31627| 3,619 
20 20 
312 20,681 
313 a 13 13 
314 5, 
300,661) 784 219 219} 1,640) 1,575 
aie 124,150 21,000} 21,000} 242 241) 241| + 2,775| 2,680 
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The Silica pool, which started out as the Isern pool in 1932, gradually 
extended its limits until it included the Schartz pool in Rice County 
and the Steckel and Kowalsky pools in Barton County. It had 175 wells 
at the close of 1936 in an area of 3200 acres. By the close of the succeed- 
ing year the number of producing wells had climbed to 402, ‘with a 
potential capacity of 463,000 bbl. (on 6100 acres). 

The record of these pools induced the oil operators to concentrate 
their efforts on the area upon and especially along the northern flank 
of the central Kansas uplift. Meanwhile, however, other parts of western 
Kansas were not neglected. Stafford County lies along the southwestern 
flank of the same large structural feature. For various reasons this 
county experienced a drilling campaign on a wide front. Asa result three 
new pools were discovered and the old pools extended. In addition a 
new oil-producing horizon for that part of the state was found productive. 
The Misener sand, which has not been important up to date, was found in 
greater thickness than heretofore in the wells of the Zenith pool: 
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‘s eet Oil, re Gas, Deopest Zone 
ressure, Lb. | Approx.| Approx. P , 
per Sq. In.¢ | Average} Average Producing Rock Tegted to End 
during | during of 1937 
1937 1937 
Average | Gravity od 
at End Pil. 58 
of —|at 60° F, = 3 
» s 
“F sc Name Agef ge ps Name 
q 3s z 8.4 ax ; 
2 | & .1gd ‘o| > |OoR +s 
~ a4 4 LJ er 
Z| 3 1936/1937 if a és : ae g 25 ae 
gs] oF | S2lg3 2 3 = AS 
| a) | [Es lecle§ A | 2 \34| & as at 
Se ye yee Ap Cc Pen L 
9) uckle Ord D 62 
294 Lans, K. C 36 Hes 
a 36 Lans. K. C Pen | L 27 ; 
42 Arbuckle Ord D 18 
296 33 Lans. K. C Pen L 
35 Arbuckle D 4,160 
297 Misener Mis 8 : 
298 
an 46 wie ond 8 
ilcox NS) 
301 37 Stalnaker Pen 8 P fon 
sn (i cme (Re 8 | 
ckle 
a * ancl Wee 
at Mis IR 
305 Chat Mis | IR Fy ele 
307 41 Chat Me | Ik 
at Mis | IR 
ad 47 Wilcox Ord 8 Ay pakie a) See 
310 Arbuckle Ord D 
311 389 ns. K, C Pen L Arbuckle 
312 Bartlesville Pen 8 
313 
314 
315 Miss, lime Mis L 
316} 436) 414) 410 1,027| 3 | Big Blue Per L Mis 


. 
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New Propucine Horizons 


While the number of new horizons found in old pools would make an 
impressive list, an examination of the year’s record shows no producing 
levels that had not been found in the state previously, but at some other 
place. Perhaps the outstanding development along this line was the 
finding of new supplies of oil in the Wilcox sand. Deeper drilling in the 
old Ritz-Canton area of McPherson County uncovered some good pro- 
duction in the Wilcox sand of Ordovician age. The same sand was also 


TaBLe 2—Summary of Drilling Operations in Kansas 


ae 


Important Wildcats Drilled in 1937 


Location Total 
County : Depth Producing 
Ft : Horizon 
Sec. Twp. Rge. 
PAIRS ir See here ne iota Gatibe os o-eieernayteeae:e gi 15 33 13 4,847 | Viola 
2 Re ee ROT le AE n oe See 7 31 13 4,440 | Viola 
OL GR Gha tise olay Sg a = cart 5 SERB a ogidiees be Oniomeec 10 17 13 3,352 | Arbuckle 
BME ARGOS en Prey ate eee ae ics tic ine ounce siseien es enthele men aie 4 16 12 3,326 | Arbuckle 
SARE Gist cite ise eed ee iakie cries sabes aregceiniy eopaaetee eae 33 19 11 3,350 | Arbuckle 
GaRESAL CUTIE Ta. eee titican mais sinners SarsyavSprave nbeleae Wle cos 10 17 11 3,289 | Arbuckle 
TAES ANE OLL Er he Serene Ra IESE ors ohh ih isc sic faerie nie i aye, cere ree 1 16 14 3,296 | Arbuckle 
REM MES NT CLO ME ycke steeds cise leraies case avis iis erates ste ernie Memes 13 28 6H 2,740 | Bartlesville 
CTRL LS oe fase Die ra CORRE ORM GEES frareea rs Cehcadartc 17 24 4E 2,265 | Lans. K. C. 
27 23 4 2,212 | Lans. K. C. 
6 33 12E 1,986 | Arbuckle 
20 32 5E 3,097 | Bartlesville 
16 30 4E 2,802 | Bartlesville 
3 30 4E 2,828 | Bartlesville 
30 32 6E 2,247 | Layton 
35 31 10 E 2,040 | Miss. lime 
11 31 9E 2,322 | Miss. lime 
14 12 16 3,385 | Arbuckle 
1 11 18 3,574 | Arbuckle 
13 il 17 3,302 | Arbuckle 
4 13 16 8,267 | Lans. K. C, 
23 12 18 3,698 | Arbuckle 
18 14 16 3,268 | Lans K. C. 
25 25 9E 2,165 Miss. lime 
6 26 10 E 2,161 | Miss. lime 
6 27 12H 1,897 Miss. lime 
32 21 11 1,914 | Bartlesville 
30 20 5 W 3,335 | Chat 
11 27 13 W 4,310 | Simpson 
4 22 7W 3,287 | Lans. K. C. 
7 18 9W 3,240 | Arbuckle 
28 19 9 W 3,208 | Arbuckle 
15 19 9 W 2,947 | Arbuckle 
4 22 gw | 3401 | Chat 
22 21 9 W 3,327 | Conglomerate 
23 20 6 W 3,366 | Chat 
12 21 7W 3,469 | Conglomerate 
9 9 17 W 
35 7 17 W 3,180 | Lans. K. C. 
21 14 14 W 3,055 | Lans. K. C. 
20 14 13 W 3,180 | Reagan 
17 14 14 W 3,034 | Lans. K. C. 
36 27 2E 3,099 | Wilcox 
32 28 2H 2,232 | Stalnaker 
18 28 1E 3,491 | Wilcox 
12 22 13 W 3,705 | Arbuckle 
33 21 12 W 3,414 | Lans. KIC 
3 24 | 11W | 3,808 | Wilcox 
2 30 4W 4,401 | Wilcox 
BOI Sarre tomer Metter erate te ore feisee eaaterenteristeralacte rt a 30 1E 3,869 | Wileox 
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found productive in a number of scattered new pools such as the Anness 
pool in Sumner County, the North Andover and the Oatville pools in 
Sedgwick County. 

A number of pools that had been producing from the Arbuckle added 
a second horizon when production was found in the Lansing-Kansas 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1937 


Initial Production 
per Day 
Farm Name Drilled by ; Gna Remarks 
U.S Bbls, | Millions 
eos ; of Cu. Ft. 
1| No. 1 Holmes Barbara Oil Co. 440 First oil in Med Lodge pool 
2) No. 1 Gant Pryor & Lockhart 1,351 Lake City pool 
3} No. 1 Gory Brauck & Duwe 255 Ainsworth south 
4| No. 1 Poltzin Palmer : 950 Beaver ni 
5] No. 1 Schartz Stanolind Oil 540 Ellinwood north 
6] No. 1 Kraft Price et al. 1,900 Kraft pool 
7| No. 1 Ehrlich Shell Petr. Co. 1,700 Trapp southwest 
8] No. 1 McKaig Landon et al. 90 MoKaig pool 
9] No. 1 Kin, Roth et al. 1,600 King pool 
10| No. 1 Madden Kahan et al. 30 Madden pool 
11} No. 1 Foster Robinson 15 ‘oster pool 
12} No. 1 McKnab McKnab 190 fe Lt pool 
13} No. 1 Starkey Brewer Starkey pool 
14! No. 1 Free Shawver 100 Rock north pool 
15} No. 1 Turner Murta & Wilson 500 Turner pool 
16} No. 1 Julian Armer & Blair 500 ulian pool 
17| No. 1 Sellars Tyrrell et al. Sellars pool 
18} No. 1 Smith Hall 572 Blue Hill pool 
19] No. 1 Burnett Wakefield 1,890 Burnett pool 
20) No. 1 Cress Lario 2,360 pool 
21| No..1 Froelich Truro 1,148 Emmeram pool 
22| No. 1 Koblitz Kor & Murfin 250 Koblitz pool 
23) No. 1 Phillip uffalo 1,519 Victoria pool 
24] No. 1 Henle: McGinnis 10 Henley pool 
25] No. 1 Pedroja Scott 160 Pedroja pool 
26] No. 1 Taylor West Kansas 75 Taylor pool 
27| No. 1 Byrd Sory et al 25 Byrd pool 
28] No. 1 Bornholdt radle: 131 Bornholdt pool 
29] No. 1 Runyon Atlantic 400 Tuka pool 
30} No. 1 Pulse ulse et al. 156 Nickerson pool 
31) No. 1 Bredfeldt Cities Service 270 Bredfeldt pool 
32| No. 1 Campbell kiles 160 ampbell pool 
33] No. 1 Cramm Comanche 1,720 Cramm pool 
34| No. 1 Fair Witt & Murphy Sterling pool 
35] No. 1 Wellman Gerbrand 2216 hurber pool 
36] No. 1 Hubenett bins 250 Welch north pool 
37| No. 1 Brothers Holland 630 Wherry east pool 
38] No, 1 Fike Graham et al. Nyra pool 
39] No. 1 Hindman Snowden & McSweeney 20 Stockton pool 
40| No. 1 Hall illings 465 Allon poo 
41] No. 1 Opdyke Parks & Murfin 255 Hall north pool 
42| No. 1 Vaughn Empire 1,482 Vaughn pool 
43] No. 1 Fee Natl. Refining Andover south pool 
44) No. 1 Downs Talbott 744 rby pool 
45] No. 1 Martin Murfin 45 Oatville pool 
46] No. 1 Drach Rust 945 Drach pool 
47| No. 1 Sittner Torrey & Feaster 1,408 Sittner pool 
48) No. 1 Hartnett Stanolind 974 Zenith pool 
49| No. 1 Baird Magnolia 378 Anness pool 
50| No. 1 Blair McKnabb 100 Zyba pool 


Number of oil wells completed during 1937......................... 1,915 
Number of gas wells completed during 1937........................ 128 
Number of dry holes completed Guring O87 tic oe on eee 614 
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City limestones. Among them are the Weathered in Cowley County, 
and the Breford in Ellsworth County. Additional supplies of oil in the 
Arbuckle were found by deeper drilling in the Coralena pool and the 
Vaughn pool of Russell County, as well as the Walters pool of Ellis 
County. The Misener sand was added to the list of producing horizons 
in the Graber pool of McPherson County. The Pennsylvanian basal 
conglomerate was found productive in one well in the old Davidson pool 
of northeastern Barton County. 


Dersrp TEsts 


Quite a number of deep tests in exploited territory as well as in 
wildeat territory were drilled during 1937. Many of these were drilled 
in an effort to furnish water-disposal wells. The interesting data 
on the thickness of the Arbuckle limestone and the Reagan sandstone 
furnished by such wells are much appreciated by geologists. The deep 
tests in Hamilton County at the western boundary of the state and 
in Sherman County farther north were among the most valuable. Other 
similar tests were drilled in Lane, Logan, Trego, Ford and Pawnee 
Counties. One wildcat in northern Rooks County was drilled into the 
pre-Cambrian rocks. 


ACIDIZATION 


The use of acid to stimulate limestone reservoirs to greater produc- 
tivity was continued on a large scale during the year. Some experiments 
on sandstone reservoirs were carried on in various parts of the state. An 
important departure was made when the use of acid was applied to gas 
wells. In one case the increase of gas production was reported to be 
approximately 100 per cent. 

Two interesting new gas developments were started. One of these 
may have far-reaching effects on the industry in a number of ways. 
One of the largest companies engaged in transporting gas acquired title 
to 4000 acres in Anderson County along the right of way of its principal 
pipe-line system. It is intended to use exhausted sands in that area for 
underground storage of gas at a point between the pools of southwestern 
Kansas and the market outlet farther east. 


GEOPHYSICAL EXPLORATION 


The search for new oil pools still relies in large part upon the effective- 
ness of geophysical prospecting methods. ‘Twelve parties were operat- 
ing more.or less continuously in western Kansas during the year. The 
improvement in technique and the results of a number of years’ experi- 
ence now allows reflections to be secured from the main pay levels at 
great depth. Confidence in the validity of the data is growing and the 
methods of interpretation are becoming quite precise. 


Oil and Gas Development in Kentucky in 1937 


By Coteman D. Hunrer,* Iney B. Browninat AnD Nicnouas W. SHIARELLA, ft 
Associate Memsper A.I.M.E. 


(New York Meeting, February, 1938) 


Tue oil industry in Kentucky during the year 1937 shows some 
improvement over that of 1936, although not to as marked a degree as 
1936 over 1935. 


Ot In Eastern KENTUCKY 


In eastern Kentucky more than 150 new inside wells were com- 
pleted in the pools of Estill, Powell and Lee Counties. Also, a number of 
wells were completed to be used as intake wells in repressuring operations. 
Repressuring is proving more successful in this area than was expected, 
as the producing formation was the Corniferous limestone. However, 
when the repressuring work was started, cores taken of this formation 
showed that the oil in the second and third pays was from a true sand, 
only the first pay in the top being a sandy lime formation. 

In the Weir sand fields of Magoffin, Johnson and Lawrence Counties, 
continued repressuring operations caused an increase in the quantity of 
oil. These operations and the completion of 20 new wells in the Maxon 
sand and the Big lime (Mississippian) in Martin and Floyd Counties 
produced an increase in the oil production from eastern Kentucky of 
100,000 bbl. over that of 1936. 

As an illustration of what may yet be done in the fields of eastern 
Kentucky, one repressuring operation involving four oil wells and one 
pressure well produced an increase in production, or an additional recov- 
ery of 7200 bbl. of oil during the year. This amounts to a recovery of 
2000 per acre for the 3.6 acres involved. 

In other fields of eastern Kentucky, as in the Corniferous pools of 
Kstill, Powell and Lee Counties, increases in the runs are noted as follows: 

In the area of the Estill County pool from which the oil passes through 
the Revena pumping station, the production in 1935 was 88,175 bbL.; 
in 1936, was 102,849 bbl.; and in 1937 was 107,704 bbl. This pool was 


Manuscript received at the office of the Institute Feb. 14; tables, April 12, 1938. 
* Geologist, Kentucky West Virginia Gas Co., Ashland, Kentucky. 
t Geologist and Operator, Ashland, Kentucky. 
{ Geologist and Operator, Owensboro, Kentucky. 
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about 20 years old when repressuring was started. From the Ashley 
pool, Powell County, the production in 1935 was 36,580 bbl.; in 1936 it 
was 64,795 bbl. and in 1937 was 71,197 barrels. 
due solely to repressuring and the increases from the repressuring oper- 
ation represents more than the differences in the figures given, as they 


TaBLe 1.—Oil and Gas Production in Kentucky in 1937 


These increases were 


| Line Number 


a Footnotes to column heads and explanation of symbols are given on page 313. 


1JDepleted; abandoned 1930; wells pulled. 
2 Depleted, abandoned 1931. 


Total Oil 
Area Proved, Acres Production, 
Bbl. 
Ea 
1 ears 
Field, County to End 
of 19 Oil 
Oil aad Gas Total eee of 
ase 
Big Sinking, Lee, Estill, Powell and Wolfe...........---. 18 | 14,100 14,100} 37,318,crx 
LS EI Ea Bee ach gah ee Hie See ok 12 377 377 629, 1rx 
Pebworth, Owsley.............--+55: 14 60 60 69,200 
Ross Creek) Estill, 0. ccc es 20 468 468 787,316 
Goocey, Lee Seo eee Some 17 74,500 
Kira bua ee Neel cera sie na kele = 8 108, cra 
Ashley, Powell...........--++00-++++5 20 1,091 1,091) 2,991,222 
Irvine, Hstill.........60..-- 0-022 serene. 22 4,722 4,7r0| 12,700,000 
Wagesville, Hstill............----..++++: 20 400 400 33,003 
Campton—Stillwater, Wolfe 25 1,447 1,447 652,209 
Buffalo Creek oil pool, Owsley 15 12 12 30,020 
stand Creek: Owsleyosseornn cits nic seats yeep ie sis «e Ab’n’d 20 20 9,899 
before 
: 1934 
Olympia, Bath....... ierone et 20 Depleted. Abandoned since 1920. 
Menifee oil pool, Mentfee.............. 171 231,835 
Ragland oil pool, Bath and Rowan........ 362 258,930 
Cannel City, Morgan..............-+--- 25 600 600 378,507 
Oil Springs, Johnson-Magoffin..........-... 18 6,100 6,100} 9,033,701 
Burning Fork, Magoffin........-....-.+--- 15 918 918] 1,707,807 
Blaine, Lawrence, Johnson............+---: 19 6,820 6,820) 15,062,949 
nt HONGO nec sete tels cn. (elainoelel- cstensiele ie ye 17 1,553,831 
Louisa pool, Lawrence.........-2.+0.ec rere renee e eens 25 1zrx 600. ljrrz| 1,558,544 
Ambrose-Weller, Ohio..........-0-0002 eee ee reece teers 12 600 600} 3,951,500y 
Tsonville, Hlliott.......02cece cece cece rete eee e ees 21 100| 46 2,000 2,146 83,895 
Big Sandy oil pool, Floyd-Knott.............+++sssse0-s 20 140 140 170,c2z 
McKinney, Lincoln.........0000+00e cece eee ee ener ee ees 17 4,502 
Wayne, Wayne-McCreary...... +00 :00s sorters eee nes 40 8,500 8,502} 4,392,791 
Logsdon Valley, LeGrande, Bonnieville, Hart............ 7 2,92a 2,9x2| 5,995,299 
Livermore, McLean.........02-006scne seen erent etrens 2 545 20 565| 1,229,907 
Barrett Hill, McLean.........- 00sec eer e cence nce r ees 8 250 250 873,815 
Owensboro, Davies, Ohio, McLean, Hancock, Breckenridge.. 19 | 10,800 10,800) 27,cxx,cxx 
Henderson, Henderson.........--.++s00sseeeete rr scees 7 218 218 542,774 
Muhlenberg, Muhlenberg... ...... 02:00 00ece errs 8 259,224 
Bowling Green, Allen, Warren, Simpson..........------- 19 12,220,348 
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TABLE 1.—(Continued) 
a 


Total Oil Production, Bbl. Men Michie.” Number of Oil and/or Gas Wells 
During 
1937 At End of 1937 
~ 
Ca a a 
» | During During CF. Ba An gr r 
36 1937 Salma se hes eA Bo 2 . wo 
ie fe | = |6/8| 52 | 32 3| F [es] ze eelge| 
Z oe | a |£|2| af | 3 EIZ(BS| eo leclea| we 
© rs ‘61's =I a | = or 
4 A | |4/4| 3° | 88 | 844 a] £5 ESPs | 2a 
1 657,777 707,8524| 1,82zx 2,454 | 50 2,454 2,202 
2 49,509 58,0805} 17x 15 llz llz 
3 2,002 2,c0x 6 15 15 
4 17,192 21,5086 60 182 8r 
5 lazrx 1cax x 13 ll 
6 ll,zrzr 10,22x 3x 15 15 15 
7 51 arr 52,002 152 523 0} 523 452 
8] 152,2rzr 154,077 | doz 1,lzez 1,0zz 1,0zzr 
9 21,476 26,161 21.3 5010 150 3z 
10 8,863 7,776 15 275 275 7x 
11 2,500 2,400 16 7 3 4 4 
12 0 0 0 6 | 0 6 
i Fs 
14 
15 100 100 0 
16 1,001 678 3 75 75 14 
17] 218,066 221,1927) 57x 1,055 1,005 1,033 
18 59,110 54,9548} 172 159 159 159 
19 472,875 479,776 | 1,362 1118 | 0] 0 1,118 1,118 
20 43,930 40,915 115 250 20) 250 230 
21 36,954 36,596 | 106 286 52| 286 234 
22 327,000 295,000y 190 | 0} O | 190 190 
23 2,164 38,1479 9 39 3 24) 4 8 31 
24 36,793 23,918 lz 51 64) 0 6 45 45 
25 0 0 8} 0] ow 4 4 0 
26 31,104 35,074 8a 1,462 | Iz 7,600 
27 217,449 157,269 | 1,822 1,222 1,022 2,2rx Ora 
28] 993,736 | 213,000 30x 0 | 30z 0.2} 170 | 1/10 158 3 161 
29 91,570 75,951 57 | 0] 0 57 57 
30} 3,c¢z,002 | 2,202,200 larr 3,200 2,222 
31 60,004 67,934 | 146 63 63 63 
32 22,554 13,539 52 20 20 20 
33 186,876 184,787 | 5ax 2,026 lerr lezz 


‘ Increase in Lee, Powell and Estill Counties due to repressuring, reconditioning, acidizing, and new inside drilling. 
5 Increase in production due to new wells and repressuring. 


6 Increase in production due to acidizing and reconditioning, 
7 Tnerease in production due to repressuring. 
8 Natural decline, 
9 Increase due to reconditioning of wells. 
10 Inside wells, wn s . 
’ u Vee 1938 over 15 wells for Maxon and Big lime oil production will be drilled. The acidizing of lime wells is proving 
avorable. : 
12 Field has been abandoned for several years, 
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also make up for the decline in production of the wells in the areas not 
under repressuring. 
A small increase is noted in the production from the Ross Creek pool 
of Lee County. Here the reconditioning of old wells and acidizing of a 


few brought about an increase of over 4000 bbl. in the production of 
the field. 


| Line Number 


SOMOWMIMPAPWH 


= 
_ 


12 


26 
27 


28 
29 


30 


31 
32 
33 


TABLE 1.—(Continued) 


Oil Production 


Character of Oil, 


Depth, Average in Feet Methods at End Pressure, Lb. Approx. Aver: 
of 1937 per Sq. In. dunelgsy > el ar Gees 
Approx. 
Average 
Number Average at Gravity during 1937 
of Wells End of A.P.I. at 60° F. 
Bottoms of To Top of ° bag 
Productive Wells) Productive Zone a % s 
wl 2? lel BE 136 | 1937 | 8 | 8 Sale8) | Re lee 
#\ 2 |S) 35 /a g Be leo| 4 |S Be 
| 8 |ai88 13 BB SE S3|2| 23 ees 
El & (Oo .a™ | 8 S| 3 Ete4 14) ac joa> 
700-1,200 650-1,150 2,202 Air 42 |37 |40 P 
and 
Gas 
1,000-1,200 975-1,175 11z " 
550- 900 520- 870 a 4 
f 
940-1,140 900-1,100 15 42 |40 |41 2 
600-1,000 550- 950 4ra P 
120-1,000 85- 960 1,0cz 
100— 400 75- 375 eo Air PB. 
2 
1,125 1,110 4 42.8/40.8/41.8 P 
39 P 
1,040-1,250 1,020-1,230 
650- 850 625- 825 
1,800-2,000 1,780-1,980 11 7 
900-1,260 860-1,220 1,033|20| 10 Air| 180) 300 300 |88 |34 |36.5 P. 
1,080-1,400 1,040-1,360 159 38 (386 [36.5 12 
760-1,060 700-1,000 1,118 550 y 360 (38 |34 |36.5 iP 
640-1,140 600-1,060 230 38 384 |36.5 P 
1,600-1,900 1,575-1,875 234 40 |37 |38.5 P. 
725 650- 700 0} 190) 0} 15 10 points |10 points |35.9 
vacuum | vacuum 
875-1,500 825-1,350 23 0.17} P 
1,000-1,500 950-1,475 | 2 6/39 iW 
121- 360 101- 390 
400- 700 385- 680 bax 
700- 850 780-1,300 9ax P 
1,400 1,300-1,400 158 8 50 20 134.5 
1,250 800-1,200 57 5 | 320 74 40 |87 |84 |35.5 
600-1,300 2, 0Cr 35 
63 
1,250-1,700 


17 Acid treatment has not been successful in this field. 


402 OIL AND GAS DEVELOPMENT IN KENTUCKY IN 1937 


Again, in the Big Sinking pool of Lee County, an increase of over 
60,000 bbl. was brought about by the drilling of some 50 inside wells. 
This field comprises 8000 acres of proven area, mostly in large leases, 
some of which embrace as much as 3200 acres, and in the early develop- 
ment the inside locations were drilled very far apart. A study of the 


TABLE 1.—(Continued) 


Producing Rock 
>2 Ref t 
erence to 
EE Texti 
g es 
3 Name Ages 9 Structure‘ aoe Name 
2. Ad: = pes 
= 8 | % [28 sas ‘sk 
Z 8 Ss |H£. aes Ad 
S 2 zg ao 
g A] 5s |3ae Eee oe 
HS 5 An ha Pat a 
1 | Corniferous Dey, Sil] 8, LS} Por 30 MC 3x2 | Trenton 2,cz2) 
2 | Corniferous Dev §8,LS| Por | 20+ MC 4z | Devonian 
3 | Corniferous Dev Ls Por 20+ MC lz | Devonian 
4 | Corniferous Dev Ls Por 20+ We 3z | Ordovician 
5 | Corniferous Dev Ls Por 20+ 5z | Devonian 
6 | Corniferous Sil, Dev} Ls Por 20+ 18 MC 
7 | Corniferous Dev Is | Por | 40+ AF 4x of 
8 | Corniferous Dev Is | Por | 40+ AF 1rz | Ordovician 
9 | Corniferous Dev Ls Por | 25+ AF 7a | Ordovician 
10 | Corniferous Dev Ls Por 25+ AD 8z | Devonian 2,190 / 
11 | Big lime Mis Ls Por 15 A 3 | Devonian 1,962| K.G.S, New Oil 
Pools in Ky. 
12 | Big lime Mis L Cav | 10-40 MC 10 | Devonian 
13 | Silurian L | Cav | 10+ MC 7x | Ordovician 
14 | Corniferous Dev Ls Por | 20+ MC 4z| Ordovician 
15 | Corniferous Dev Ls Por | 25+ SC lzx | Ordovician 
16 | Corniferous Dev L Por | 20+ AF 2z | Devonian 
17 | Weir Mis 8 Por | 35 D,A 9x | Ordovician | 3,815 
18 | Weir Mis NS) Por | 30 D 4z | Ordovician 3,900 
19 | Weir Mis Sand | Por | 60 D 1zz | Silurian 
20 | Weir-Berea Mis 8 Por | 30 DF, A, S 15z | Devonian é 
21 | Berea Mis 8 Por | 20+ 8 2z| Ordovician | 4,975 — Bottling 
0. 
22 | Jett sand Mis Sand | 20% | 40+ A 56 | Trenton 4,020 
F Mis 5 40+ ‘ 
23 | Weir H 20+ A 8 | Devonian 1,780 
Dev Is Por | 35+ 
24 cores lime— Mis §, Ls ae 15+ |ML, MC, T} 382] Ordovician | 3,706 
njun ‘av 
25 | Corniferous Dev Ls Por | 18+ MC 4 | Ordovician 855 aint 
ies VI— 
1922 
26 | Beaver—Sunnybrook | Ord, Mis| Ls Por | 12 8 2ez| Ordovician | 1,921 
27 | Blue sand Sil L - 15+ T,MC,A | 2za| Silurian 
% 
28 | Barlowe and Bethel —_| Mis S | 20% | 20 AF 17| Devonian —_| 3,242 
29 Cs ced Barlowe, | Mis s 15% 2-75 AF 14 | Devonian 3,250 
ethe! 0% 
30 | Fuqua, Stray, Pottsville,| Pen Por | 2-75 |AN,A,T, D| 1,222| Ordovician 
Jett, Barlowe, Jones | Mis 8 18-20% 
31 | Triplett, Jones Pen, Mis| § Por D, A 6z | Devonian 
82 | Big lime _ | Mis Ls Por D 2z | Devonian 
33 | Shallow sand, Cornif-| Mis Di Tyas 
erous, Deep sand MC 1,zrx | Ordovician 


18 In some of the Lee County oil pools as many as three different pays are encountered in the Corniferous. Pays vary in 
percentage of lime and silica contents. 
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recovery per acre in the area a few years ago showed that the greater 
yields had been recovered where the wells had been drilled very close 


together. 


As a result, some of the operators tried the drilling of inside 


wells, which apparently is proving worth while. The entire 60,000-bbl. 


TaBLeE 1.—(Continued) 
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¢ | Line Number 


w 
or 


37 


38 


39 


3 Gas-producing horizons 


Total Oil 
Area, Proved, Acres Production, 
Bbl. 
pees 
: ears 
Field, County to En d 
of 19 Oil 
Oh landslides Pdtotal | ene 
Gas® 
WS sierenic FGIT CM ates eicterc cis preteen ainlete) viatsieye aeeyeie g erele wos 18 3,667 3,667| 2,500,029 
Floyd gas field, Floyd..........--.sesever cree seeeceese 34 See 223,275 223,275 
Beaver 
‘Or: 
Pike County gas field, Pike...........--0 2000s eeeeees 7 3 55,000 55,000 
Martin County oil and gas field, Martin................. 40 90| 20] 86,300 86,410 24,444 
Knott County, Knott..........000c eee cence reece enes 32 40 110,000 110,040 
Boyd County and Ashland, Boyd........---++++ssseeees 13 16,640 16,640 
Perry gas field (Hazard), Perry.......---++s+++++erreees 7 1,400 1,400 
Oneida—Burning Springs, Clay.......-.---++++scere ees 12 7,000 7,000 
Burning Springs gas field, Clay........---.++++0ese00ess 28 
Indian Creek gas, Knor......-.. 0.01.0 e sets treet eres 8 0 0 1,200 1,200 
Artemus-Himyar gas, Knor..........+++--0000eeereseee if 0 0 eine 5,000 
Red Bird gas field, Bell...........0420002e0 ett eeeeeeee Uf 0 0 600 600 
Williamsburg oil and gas field, Whitley.......--+.....+-- 35 700 700 4,000 
Big 6 gas, Breathitt..........+-200++01 eee Nee Aes 17 1,600 1,600 
Rothwell gas field, Menifee..........0.+--00 st ueeseees 36 0 0 | 15,360 15,360 
Powell gas, Powell........22+++.0esseereecteee Der ee 5 
Carlisle gas, Gallatin, Carroll.........-.+++++05: eee oot 5 
Swamp Br. gas, Johnson......--.++-+2+00: SR tered aha os 10 3 0| 3,000 3,003) Not mar- 
. keted 
Flat Gap gas, Johnson..........002+++0+e re eeer reese a 17 10,880 10,880 
Pie ens AT ONTSOM es WARE Sng ERE APTI othe fgl os 20 1,980 1,980 
Cat garcia Se erereie euaNKs Te ee, aN ae 8 550 550 0 
Green-Taylor gas, Green and Taylor........+.++++++0+0+- Abad 


southeast to Pike County is approximately 30 ft. per mile. 


in Pike County are from 15 to 20 per cent deeper than in Floyd. The dip from Floyd County 
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TABLE 1.—(Continued) 
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Total Oil Production, Bbl. | Total Gas Production, Number of Oil and/or Gas Wells 
During 
ook: At End of 1937 
~ 
2] 2 
During During Ae 2 3 er : 
: 1936 1937 HG 2 Shs Pe go lslElee wm = > Ft 
a See eens ee ae 8 |£AQ| a |. A s 
f at) PUEUE EE Ga 3/4 alge Bala] af 
o : | M. =| 
fe a> | 2 |a|4| 33 59 |38| 3 \e4| £8 EE z am 
34] 66,900} 78,318 | 142 791 
35 Y ahe |e y | 1,230!/ 30 | iz | ™ 1lzz}  1,1zz 
36 y y y y 179 | 4] 0 22 16z lrr 


37 3,849 20,595 | 160 y y y y 296 | 43 | 0 0 12} 2 282 296 


38 y y y y 214 | 32 | 0 20) See 214 214 

Beaver 

aor 

poo! 

39 y y y 216 | O | 2z 2 214 lrz 
40 vay yoy Trt Onl Va 7 3 
41 y y y 30 | 0 26 26 26 
42 y ys y y 5 5 é 
43 y fy y a baas Feline 7 
44 Tm eet y 19; S15 5a Eee 9 7 
45 3/0] 0 3 3 0 
46 30/0] 0 25 | 0 5 5 
47 y y y 14 | 3 | 10 1 3 323 
48 y 0 0 0 8x 0 
49 20 yi ae a) 2 
50 17 
51 0 0 0 y y y y 22 | 02! 0 22 2 1 19 19 
52 y y y v 2rx | O | Qe | Ilex 7x 
53 yt ly y y 28 Qn 6 
54 0 0 0 0 0 0 9/0] 0 9 9 9 
55 Irr 


18 Does not include oil wells. See Beaver Creek. 


* Increase in depth due to development of Lower Devonian limestones. 
19 Gas production from this field is utilized only locally, for domestic purposes. 


bs { 
6 20 Gas production from this field is utilized domestically in the small town of Stanton and as fuel to pump oil wells in Lee 
‘oun 


ty. ‘ 
21 Three wells furnish domestic gas to Jackson, the county seat, 


* During 1936 one well was deepened to the Big 6 horizon of Devonian-Silurian age and developed 200,000 cu. ft. open 
low. 


3 This field is almost depleted, 
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TABLE 1.—(Continued) 


Oil Production Character of Oil 
Depth, Average in Feet Methods at End Pressure, Lb. A A ‘ 
d pprox. Average Charact: 
of 1937 per Sq. In. during 1937 pettus a 
Approx. 
Number Average at Gravit tevine 1937 
ravity 
of Wells End of A.P.I. at 60° F. 
Bottoms of To Top of ° 
: Productive Wells) Productive Zone Be as 
~o| # || 2e 1936 | 1987 | 21 8 (SSiz8| | ka lBee 
=| iS} <=. 5S Brose sPiagz 
< el & \é) a" |= S |S |S<e=| 8 | ao (G40 
34 
35 | 1,100-3,500% 900-3,100 1,150 
36 6 
37 1,100-3,250 700-3,000 4 10 38 P | 1,150 
38 1,300-3,500 1,250-3,000 1,150 
39 2,200+ 1,650+ y y y 
40 2,700-3,300 2,200-2,900 
41 1,550-1,700 1,525-1,675 305 
42 
43 1,550 1,500 See See 
Pet. Pet. 
Ex. Ex. 
44 | 1,110+-2,100+ | 1,080+ -2,000+ 310} 310 310 1,180 
45 3,500+ 3,400+ 
46 Oil 900+ Oil 850+ 
Gas 1,750+ | Gas 1,700+ 240 P 
47 1,750-1,900 1,725-1,875 
48 550- 700 500- 650 
49 | 
50 240- 350 225- 325 160 20 
51 1,800 1,425 
52 780-1,200 740-1,160 
53 700-1,100 670-1,070 
{ 2,100-2,500 2,050-2,450 
54 1,670-1,760 1,650-1,740 
55| ° 390- 700 370- 680 


18 Less than 15 gas wells are not connected to pipeline. The average well is shut in four months of the year. Only 
during December, January, and February are over 90 per cent of the wells on line. © : 

16 Not until 1929-1930 was gas commercially developed in Pike County. Until this date some 30 wildcat shallow tests for 
oil had been drilled over the county. 
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increase, however, is not due solely to the drilling of inside wells, as a 
small extension on Miller’s Creek to the westward from the field accounts 
for a fair portion of this increase. This extension in Big Sinking pool, the 
development of a small area in Floyd County and a larger area in Martin 


TaBLE 1.—(Continued) 


Deepest Zone 
Producing Rock Tested to End of 
1937 
So 
33 Reference to 
a3 Texti 
= po 
8 Name Ages 2; | Structures sos cae 
g 2) Eas 8 aS 3m 
ZA 2 | & es re a.S 
g g 5 bet me aS 
= Ss ec |e<s 5Se Am 
34 | 2nd Sand Corniferous, | Mis, MC, 
a Oil Sand, Tren- | Dev, oy 
Sil, Ord} Ls Por 10+ D,N 1,rez | Ordovician 
35 sae Sand, Maxon, Big | Pen, §8,L | Por | 15-550 A, D, 
lime, Big Injun, De-| Mis, MC, — 
vonian shale, Cornif-| Dev Is,H] Cav N,S 95 | Silurian 3,643 
Denar ae Sly s | Por | 10-800| A, AM 
36| Devonian shale, Salt | Pen, ‘or ’ , Z 
sand, Maxon—Big| Mis, L H, MC, 37 | Devonian 4,181 
lime, Big Injun Dev H Cav DTS 
Oil, Maxon Pen Ss Por | 10-600 A, F, 
37 Gas, Salt sand, Dit; 
Maxon, Big Lime Mis L, 
Dev. shale Dev H, Cay MC,S 35 | Devonian 
Salt sand, Maxon, Pen, 8, Por, | 20-500} A, AM, 
38 | < Big lime, Big Injun, | Mis, L, H, MC, 19 | Ordovician | 3,706 
Dev shale Dev H Cay DT; 
Salt sand, Maxon, Pen, s, 50+ K.G.S.—Ser, 
39 | + Black shale, Mis, H, Por | 400+ T 29 | Ordovician 4,669} VI 1926— 
Corniferous Dev SL 150+ New Oil Pools 
in Kentucky 
Salt sand, Pen, s, Por, 50+ 
40 | < Big lime Mis, L, MC 11 | Devonian 3,637 
Brown shale Dev H Cav | 500+ 
41 | Corniferous Dev Ls Por 20+ A, MC 16 | Devonian 2,284 
42 conmeeronr Dev Is | Por | 25+ A.D 1z | Devonian 
43 | Big Lime Mis L Cav | 20 wh 1} Mississippian | 1,552 
Maxon, : 5 30+ A, 
44 | < Brown shale, Mis, H 175+ AF, 2| Devonian 2,225 
(Birlime Dev LS Por | 100+ D 
Big lime, ? 100+ : 
45 | < Brown shale, Mis, L, Cav, | 175+ 2| Devonian 3,725 
ae erous Dev H Por 50+ MC 
46 { Salt sand, Pen 5 Por, |Oi130+ 1x | Ordovician 3,350) Jillson—K.G.S, 
Big lime Mis L Cav | Gas A Ser. VI—New 
20+ are Oil Pools in 
x jurian entuc! 
47 ae Sil S) Por | 25+ A 
48 Corniferous, 4x | Ordovician 
Ragland sand Dev LS Por 40+ D lz 
49 | Corniferous Dev LS Por | 20+ MC 1z | Ordivician 967 
50 | Trenton Ord LS Por 15+ D 
51 \Bie im Mi Eimer De 
ig lime, is, h ‘av itional 0 | Devonian 1,816 
Shale Dev H 350+ tg 
52 { Weir, Mis 5, 3,719 
Corniferous Dev LS | Por | 40+ D 2x | Ordovician 
53 | Weir, Big 6 a mn Por 30+ A 8 | Devonian 


54 | Corniferous Dev LS P 18 MC 7| Devonian 1,983 ; 
55 Ord LS Por 20+ 
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County, are the only new fields or new production found in eastern 
Kentucky during the year. 

In the Martin County development, 14 new wells completed to date 
are producing something over 200 bbl. daily. The production here is 
found in the Maxon sand of Chester-Mauch Chunk age (Mississippian). 
The sand has an average thickness of about 20 ft. and is found at a depth 
of some 1100 to 1400 ft. The structural condition is that of buried out- 
liers on the old pre-Pennsylvanian land surface, and the oil appears to be 
a secondary accumulation in these outliers, derived probably from the 
Pennsylvanian muds deposited above. The wells have an initial pro- 
duction of some 10 to 40 bbl. natural. From the development to date, 
there appears to be only about 400 acres that will prove to be productive 
in this area. This oil was discovered in the normal development work 
by the gas companies owning acreage in that section. 

The area in Floyd County where new production was found is in the 
vicinity of Betsy Layne, where the normal drilling of gas wells by the 
gas company located the production. The oil comes from the Big lime 
(Mississippian) and the initial production is from 15 to 50 bbl. daily. 


TaBLE 1.—(Continued) 
de ai ee SE ee ee 


Total Oil 
Area Proved, Acres Production, 
Bbl. 
Age, 
Field, County Bea 
of 1937 Oil ale 
3 Oil | and Gas Total pace c 
E Gas* 
Z 
& 
el é 
56 | Cumberland—Clinton, Cumberland, Clinton.............- Ab’n’d 
57 | Little Richland, Knoz............ 0.00000 seeceeeee seen Ab’n’d 
58 | Ivyton, Licking and Mine Fork gas, Mapofine ia. 6 oa8 es 17 6,840 6,840 
59 | Needmore gas field, Owsley 6,400 ie 
60 | Morton’s Gap, Hopkins............---+ 50 5 
61 | Buford, Oht0.....c.2- 002 ceee cet eee e serene enn aes 346 346] 1,657,600 
i Gert A Rie Sen tc Oe aC Oca 7 100 100 217,000y 
62 | Habit, Daviess...........2.000- cee e terre renee ae ie e ee 
63 | Lindsay Taylor pool, Daviess............++-+++-0005 Abn'd 
8 
64)| Herbert, Ohio... 0.00 cece gots sa a eee eee ene 17 350 350 425,986 
i i 400 495,540 
65 | Red Hill, Davicas...........02--.2 seer cette eee ees 10 400 j 
66 | North Triplett gas, Rowan.......-.6.0 0002 serene esses 33 1,200 1,200 
67 | Bates Knob, WOOT ean Aa RODE ODL CDR c,0 ODO DOOD NOE 2 350} 20 350 136,146 
68 | Hackett, McClean.....-:---.+-seceee nec tecseeretseese 1 150| 20 150 332,000 
17,569 


Island (New), McClean...........2+2se0reeeceereeees 
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However, decline is rapid and acidizing methods are now being applied. 
About 15 wells were completed in the area. 


Oi. IN WESTERN KENTUCKY 


During the year 1937 approximately 384 oil wells were drilled in the 
Owensboro field of western Kentucky, which embraces a number of 
pools in Ohio, Hancock, Davies, McLean, Henderson, Webster and 
Muhlenburg Counties. The production from this field during the year 
was 2,992,757 bbl., from the Chester sands of upper Mississippian and 
of Pennsylvanian age. The continued operation of repressuring units 
and the development of several new pools served to keep the production 
in this field fairly constant. 

Repressuring operations when properly installed are proving success- 
ful, but generally speaking this has not been true of repressuring work in 
western Kentucky. As a result, a number of the operators have become 
somewhat discouraged and many feel that water-flooding will prove more 
successful. As a result a move was made to legalize water-flooding of 
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Total Oil Production, Bbl. | Total, Gas Production, Number of Oil and/or Gas Wells 
t . 
= At End of 1937 
~ 
ve Ca ee > 
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g ee (68. 3 Sega ga S| Bp [bes] bob 5 
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: Ha GlR Lape) 3 
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57 

58 y 7] y 7] 104 104 5x 
59 2,000| 48 3x 3x 
60 5 Abandoned 
61] 283,600 | 243,600 125 125 
62 4 17,000y 1 
83 3 3 
64} 187,000} 17,610 129 129 
65] 55,000] 52,540 45 45 
66 24 17 10 10 
67} 53,624] 82,599 101.2z| 1.2|1002 25 1 2 26 
68| 8,500} 324,500 45 54 54 54 
69 17,569 4 


*4 Gas not being marketed; average well, 187,000 cu. ft. This producti i i i i 
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oil properties in Kentucky during the year. It is probable that the next 
few years will see this method of recovery in operation, and it is altogether 
possible that this method of recovery may prove more successful in the 
comparatively small pools of this area. The permeability varies greatly 
throughout the sand body and, as a consequence, because there are 
usually only a few leases involved in a given pool, water-flooding may 
prove to be the more practical method for increased recovery. 

The new development in western Kentucky consists in the main of 
the discovery and development of the Hackett and the Island pools. 
The normal number of exploratory wells were drilled and about 50 intake 
pressure wells in the older pools. 

The Hackett pool is about one mile east of Livermore, in McLean 
County, and covers approximately 150 acres. It was completely devel- 
oped during the year, during which time 54 producing wells were com- 
pleted. In 48 of these production was found in the “Jett sand”’ (Tar 
Springs sandstone) lying at a depth of from 1090 to 1200 ft. This sand 
has a thickness on an average of about 20 ft., and the initial production 
of the wells ranges from 20 to 650 bbl. daily. A considerable amount of 
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Oil Production Pressure Lb Character of Oil, 
Depth, Average in Feet Methods at End Si aed Approx. Average Character 
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60 
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62 930 910 12 1 35 
63| 1,125 1,085 
64 750 725 129 4 3 35 34 
65 1,015 970 45 2 Vacuum | Vacuum 34 
66 350 335 45 
67 400-1,700 340-1,670 24 360} 340 30 
68 1,150-1,450 1,100-1,500 54 405 30 |36.4 
1,470 » 1,450 
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gas was found with the oil in this sand. A few of the wells yielded as 
high as 4,000,000 cu. ft. of gas per day. Because of the waste of this gas 
energy, the reservoir pressure of this sand declined from 405 lb. to 30 Ib. 
at the end of the year. 

The other six wells in the Hackett pool produced from the Bethel 
sand, lying at a depth of approximately 1475 ft. and having an average 
thickness of 15 ft. The wells in this sand had an average initial produc- 
tion of 50 bbl. The pool produced and marketed 324,500 bbl. of oil and 
45,000,000 cu. ft. of gas during 1937. 

The other entirely new development was also in McLean County, 
about two miles southeast of the town of Island. The production in this 
pool is found in a lenticular body of the “Jett sand”’ on the southeastern 
flank of a plunging anticline running a little east of north. The producing 
sand has an average thickness of 20 ft. and is found between 1450 and 
1500 ft. Only four wells were completed in the pool during the year and 
these had an initial production varying from 75 to 350 bbl. The limits 
of the field have not been defined as yet, only one dry hole having been 
drilled to the south. This dry hole was extended on down to a depth 
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of 3817 ft., encountering at a depth of 3511 ft. the Devonian limestone. 
Small shows of oil were found in the Devonian limestone at 3525 and 
3677 feet. 

During the year a great deal of interest was manifested in the western 
part of the Western Coal Basin in northwestern Kentucky, toward the 
eastern and southern portions of which are the pools of the Owensboro 
field. The new interest is mainly evidenced in the western and deeper 
portion of this basin in Webster, Henderson, Union and Hopkins Coun- 
ties. Most of the companies and operators that have become interested 
in this area and have acquired many hundreds of thousands of acres— 
practically all of the counties named being under lease—were companies 
operating in the Ilinois Basin of which the Western Coal Basin is a part. 
Very little deep drilling has been done in the basin up to the present time, - 
but several wells have been planned and a few started. These wells 
will be started for the purpose of testing the limestone lying below the 
Devonian black shale, commonly referred to by the oil fraternity in 
Kentucky as the Corniferous sand. Besides the well at Island that tested 
the Devonian limestone, another was completed in Hancock County by 
Galey & Flesher on the Holder lease, a short distance east of Indian Lake. 
The total depth of this well, however, was only 1908 ft., as it is on the 
east flank out of the deeper portion of the Western Coal Basin. 


GaAs 


Eastern Kentucky.—No new areas producing gas were found in 
eastern Kentucky during the year 1937. In the areas of Floyd, Magoffin, 
Pike, Martin and Knott Counties, between 90 and 100 gas wells were 
completed for the various gas companies owning practically all of the 
acreage in these areas. No increase or decrease in the rate of develop- 
ment took place, practically all of the wells drilled being routine develop- 
ment by the companies involved. The 90 to 100 wells averaged about 
600,000 cu. ft. of gas per well. Development in this area was retarded 
possibly to some extent by the fact that extensive development of the 
Oriskany gas fields in Kanawha County, West Virginia, lessened the 
demand to some extent for further development of gas in the eastern 
Kentucky field. However, the total deliveries of gas by the companies 
producing in eastern Kentucky varied very slightly from that of the 
preceding year. ‘There is at present a larger volume of gas developed 
in the fields of eastern Kentucky than there is a market for, and yet the 
total area proved capable of producing gas is yet far from being 
fully developed. 

Western Kentucky.—During the year, 128 gas wells were completed 
in the Owensboro field of western Kentucky. Gas comes from the same 
sands that produce the oil, which are from 119 to 1500 ft. in depth. The 
combined flow of 128 wells amounted to 78,892,000 cu. ft. per day, and 
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the initial flow per well ranges from 25,000 to 8,000,000 cu. ft. The 
reservoir pressure was from 27 to 575 lb. In the oil and gas fields in the 
southern part of the state, composed of Allen, Barren, McCreary, 
Metcalf, Simpson, Warren, Hart and Wayne Counties, there was no new 
development and no efforts were made to apply recovery methods. 
The production has been regular, only a normal decline taking place. 


Oil and Gas Development in North Louisiana in 1937 


By H. K. Suearer,* Memeper A.I.M.E. 
(New York Meeting, February, 1938) 


Om production in north Louisiana in 1937 was 28,668,070 bbl., an 
increase of 1,896,925 bbl., or 7.1 per cent over 1936, as against an increase 
of 178 per cent from 1935 to 1936. Gas production of 301,148 million 
cu. ft. from gas wells and 17,330 million cu. ft. of casinghead gas, a total 
of 318,483 million, was an increase of 33,483 million cu. ft., or 11.7 per 
cent over 1936. 

Well completions numbered 716, with 411 oil wells, 175 gas wells and 
130 dry holes; compared with 346, 109 and 78, respectively, in 1936. 
There were 58 wildcat dry holes. In addition to the wildcat producers 
described and tabulated with the fields, there were two small, shallow gas 
wells in Sabine and Tensas Parishes, which did not open fields of any 
present importance. At the close of 1937 there were only five wild- 
cat tests actually drilling, with nine others shut down or tempo- 
rarily abandoned. 

Chief interest during 1937 was in development rather than discoveries. 
The only real discoveries were two deep gas and distillate fields, Bear 
Creek and Ruston. There were also three completions of gas-distillate 
producers from deeper formations in old fields, of which the most impor- 
tant was at Cotton Valley, one discovery of oil in a previously known gas 
sand and five or six extensions of some importance. 


GEOLOGICAL SECTION 


The columnar section in south Arkansas (Fig. 1, p. 317) also applies 
in north Louisiana, with a few changes noted below. 

The oldest known formation in north Louisiana is a bed of rock salt. 
Except on salt domes, only one well at Rodessa has been drilled into this 
salt, but it has been penetrated by a number of wells in south Arkansas. 
Salt domes have been discovered near Vicksburg and Hattiesburg, Miss., 
and ‘a deep well in Limestone County, Texas, has drilled into rock salt. 
In Louisiana the distance between the “interior salt-dome basin”? and 
a salt dome of the “Gulf Coast salt basin” is hardly 60 miles. In short, 
evidence is accumulating to indicate that all of Louisiana, with the possible 


Summary presented at the meeting; manuscript received at the office of the 
Institute April 8, 1938. 
* Geologist, The Hunter Company, Inc., Shreveport, La. 
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exception of the extreme northeast corner, is underlain by a thick bed of 
rock salt. There is no new information as to the exact age of the salt, 
and no change need be made in the statement in this review for 1931; 
ie., that it was probably laid down in early Mesozoic time. The old 
Llanoria continent, if it ever extended across Louisiana, must have sunk 
near the end of Paleozoic time, and its place was occupied by a great 
salt lake. 

There is nothing known in Louisiana to correspond to the thick red 
beds of the Eagle Mills formation, the Smackover limestone and the 
Buckner formation, but future deep drilling should show whether these 
formations extend into this state, and their stratigraphic relations. 

The predominantly marine beds, made up of various types of shale, 
sand and limestone, underlying the Travis Peak red beds, and having a 
thickness of about 3240 ft. at Rodessa, are called the Cotton Valley 
formation. Although differing lithologically, this formation corre- 
sponds closely in age and stratigraphic relations with the Schuler facies 
in Arkansas. 

The Travis Peak formation includes the “lower Trinity red beds,” 
with producing members near the top at Pine Island, Cotton Valley, ete.; 
and the Glen Rose formation (or subgroup) makes up the upper part of 
the Trinity. The lower Glen Rose, below the massive anhydrite, increases 
southward to a thickness of more than 1000 ft., and may be subdivided 
on the basis of lithology. The upper 500 ft., more or less, which includes 
all of the sand lenses and porous limestone beds producing at Rodessa, 
and producing zones a short distance below the anhydrite in other fields, 
is called the Rodessa member. The lower 500 ft. or more, consisting of 
black shale at the top, with various productive beds of oolitic limestone 
toward the base, is called the Pine Island member. 


New Freups 


Bear Creek.—The Seaboard Oil Corporation No. 1 McGee, sec. 3, 
T. 16 N., R. 6 W., near Bienville, Bienville Parish, had been abandoned in 
1936 at 5905 ft., after testing dry in the Rodessa member of the lower 
Glen Rose. In 1937 it was deepened to 8017 ft.; casing perforated at 
7323 to 7462 ft. in the Travis Peak red beds, where it tested estimated 
70 million cu. ft. of gas per day; again plugged back and perforated at 
6665 to 6695 ft. in the Pine Island member of the Glen Rose and com- 
pleted in March 1937, making 67 million cu. ft. of gas per day with 
distillate, as the discovery well of the field. 'Two more wells were com- 
pleted during the year, one in the Pine Island member and one in the 
Travis Peak, but there was no pipe-line connection and no com- 
mercial production. 


1 Trans. A.I.M.E. (1932) 98, 165. 


Se 
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Ruston.—The Arkansas Fuel Oil Company’s No. 1 Causey, sec. 32, 
T. 19 N., R. 2 W., 5 miles northeast of Ruston, Lincoln Parish, had also 
been abandoned in 1936 at 4687 ft., having found salt water in the Rodessa 
member of the Glen Rose. The well was taken over by Lide & Greer and 
deepened to 5822 ft., testing salt water in the Travis Peak, but was 
plugged back and perforated in the Pine Island member at 5316 to 5320 ft. 
and completed in September 1937, producing 50 million cu. ft. of gas 
with distillate. No more wells have been drilled, and there is no pipe- 
line connection. 

Both the Bear Creek and Ruston structures were geophysical dis- 
coveries. 


EXTENSIONS AND DEVELOPMENTS 


Cotton Valley—The Cotton Valley field, Webster Parish, a perfect 
unfaulted anticline, had long been considered one of the most favorable 
structures for deep testing. In 1936 the Ohio Oil Company’s No. 6 
Holloway, sec. 23, T. 21 N., R. 10 W. was drilled to 8556 ft. and made a 
drill-stem test in a sand at 8125 to 8149 ft., showing gas and distillate 
saturation, but this well was completed through perforations at 5556 ft. 
in the so-called Holloway sand near the top of the Travis Peak red beds. 
On Jan. 13, 1937, the Ohio Oil Company’s No. 1 Bodcaw LbrsCo:,; 
Acct. 4, sec. 28, T. 21 N., R. 10 W., was completed as the first producer in 
the deep sand at 8188 ft. This 8100-ft. sand is in the “lower marine 
beds” now known as the Cotton Valley formation. It is commonly 
called the Bodcaw sand, from this well (although there was a previously 
described “‘Bodcaw sand lens’’ about 100 ft. below the anhydrite, from 
which the gas is now practically exhausted). The principal Bodcaw 
sand is 40 ft. thick, and there are several thinner sands above and below. 
The productive area is much larger than in the older Buckrange and 
Rodessa member development, and the Bodcaw sand is productive more 
than 500 ft. down dip from the top of the structure. During last year, 
29 wells were completed in the Bodcaw sand but none in the Holloway 
sand, which is lenticular in distribution. The Bodcaw sand wells produce 
up to 700 bbl. per day of 61° gravity ‘white oil,” or distillate with 5 to 
10 million cu. ft. of gas through small chokes. The gas-oil ratio averages 
12,500 cu. ft. per barrel. 

Lisbon.—The Lisbon field was discovered in the closing days of 1936 
by the E. T. Oakes et al., No. 2 Patton Est., sec. 1, T. 20 N., R. 5 W., 
Claiborne Parish. The second well was completed late in March 1937, 
and the area quickly became the most active in north Louisiana, with 
155 oil wells completed, of which 134 were in Claiborne and 22 in Lincoln 
Parish, and only one dry hole, which was junked without testing. The 
field was extended, mostly location by location, until it covers an area of at 
least 4000 acres, and is not defined in any direction, although the pro- 
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TABLE 1.—Oil and Gas Production in North Louisiana, 1937 
a eee 


Total Oil 
Area Proved, Acres Production, 
Bbl. 
Age, 
Field, Parish ier g 
or Oil 
0 
1937 | Oil | and | Gas | Total ae of 
s Gas¢ 
g 
Ss 
a 
eo 
& 
a 
1, | Bear: Creek, Brenvdlles. avn cc nan eae ee 34 0 0 1,000 1,000 0 
2 -Belleviles Bossier... c.6 nee ee ae ee 17 1,360 0 160 1,520 9,860,430 
3 | Bethany-Waskom, Caddol.....................2--2... 22 20 xz |215,000 15,000 0 
4 Caddo, Caddo? 5255 502 ee ihe ek he eae 34 32,500 z | 75,000 | 37,500 | 151,595,535 
5. Carteryulle, Boeseer 21) saci tates, Woke 14 720 x 2,720 3,440 1,493,860 
6)| Clayton; ConcordianS: .f- aN me ee eee vi 0 0 60 60 0 
7 Converse, ;Sabines.-.a.cenees son eee eee 6 2,000 z 2,000 1,719,610 
8: Cotton Valley," Websters.) sid lgea ee ccc cas dee ee 15,973,650 
9 Shallowsi-0 wate, seta thecicmnent ea See Oe 16 3,900 F 7 6,600 6,600 | 14,911,015 
10 Deep tier So stee sc. ee Saks Se ee 2 z |12,000 = 12,000 1,082,635 
11 | DeSoto-Red River (Bull Bayou), DeSoto, Red River...... 24 11,000 & 3,300 | 14,300} 56,815,890 
12 | Driscoll (Union Church), Bienville’.................... 2 0 0 640 640 0 
13)|)ilm) Grove, Bossren Caddo. ee we ee 22 320 z | 14,600 | 14,600 3,329,215 
14 | Epps, Hast Carroll, West Carroll....................... 10 0 0 1,200 1,200 0 
1b)|\ Haynesville; Claiborne: 4. jueache ete een ee 17 7,480 0 0 7,480 | 67,789,005 
16: Holly; “DeSato: se aes cae cee Lo een eee ae 8 80 z 160 24 902,260 
Aisi Boner, (Clatbornesten: se, ae kane beeen Sena 19 3,020 x x 3,020} 67,319,640 
18 | Lake Bistineau, Bienville......00... 000.000. ccccccuee. 22 0 0 600 600 0 
19 | Lisbon, Claiborne, Lincoln. ...............0000-200055. 1 4,000 0 4,000 2,392,180 
20 | Monroe, Morehouse, Ouachita, Union................... 22 0 0 | 270,000 | 270,000 0 
21)\|, Pleasant till Sabine 20a 1h ee eens pene 11 800 0 800 1,482,435 
22) (Richland |aiichland .) ciel geek eae 8 a Re ee 12 0 0 | 49,280 | 49,280 0 
23; | odessa, Caddo, «oso mc eee caret aL 8 9,400 6 7,800 | 17,200] 38,223,180 
24 | Ruston (Causey) PDAnCont, , 2c eee eee ea 14 0 0 160 160 0 
25 | Sarepta-Spring Hill, Bossier, Webster................... 16 570 < 1,120 1,690 1,470,075 
26)|,Shongaloo; Webster su tris a) a arat eee col aeen 17 70 0 5,680 5,750 105,930 
27 | Sibley (Dubberly), Webster......................00., 2 0 0 640 640 0 
28 | Simsboro (Montcalm), Lincolnt.............0. 2000-5. 3 0 0 320 320 0 
ZH {iBLigd, ‘Bossier s..t sharsenre sala, cn Rebs setae ee eee 16 180 0 7,300 7,3007 145,345 
30 | Sugar Creek, Claiborne......... 00... 0cccccceeeeeee 7 60 0 2,500 2,500 95,405 
31 | Sutherlin-Spider, DeSoto..............0..ec0ecccce--.. 3 0 0 320 320 0 
32 | Urania, Grant, La Sale Wain, aie et eer we 13 3,700 0 0 3,700 | 22,275,230 
33 | White Sulphur Sprinige; Ta. Sollee. agesnae cen ak ee 10 80 0 0 80 12,290 
34 | Zwolle, Sabine dem cwh on adc sivitilea acceso meee keds 10 64,0005 0 0 | 64,000! 13,188,285 
35 Pots iaF ARI: Ghats RRR A ae 145,260 | 12,000 | 396,160 | 542,340 456,189,450 


@ Footnotes to column heads and explanation of symbols are given on page 313. 


1 Includes the part of Bethany and Waskom fiel 


Cedar Grove and Spring Ridge areas. 


3 Described as the “Arcadia field” 


1937 “seria f ; 
5 Scattered production over 64,000 acres. 
5 Most Rodessa acreage produces both oil and 
7 Sligo acreage does not include about 5000 pr: 


actically proved acres under Barksdale Field, U. 


Island, Gilliam and Dixie areas. 


as; classification as oil or gas wells depends on gas-oil ratios, 


ds in Louisiana; also BI anchard, Longwood, Greenwood, Cross Lake, 


2 Includes Mooringsport, rees City, Vivian, Hosston, Pine 
in review for 1936. 


4Simsboro (Montcalm) was described as the “Ruston field” in review for 1936. Note that present Ruston field isa 


8. Army airport. 


— 
= a 
a 


— 


»~ 


ee 
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TaBLE 1.—(Continued) 


Total Oil Production, Bol. | Total, Gas Production, Number of Oil and/or Gas Wells 
ones At End of 1937 
e During During e To End | During | During ¢ 
S| 1936 1937 2g | of 19378 | 19368 | 19377 | 2h >a 3 
a SA 3H Z| BS Fee) wy | ws] o> 2 
5 a Bue > SS ails —a| 2s “3 
= Come) £3 2 oa ls 5 s 
4a Ae 2 2 | 3 |82| 86 [go| 8° 
Z 258 Be | | 2 62) ge [Sel 88 | SE 
& asa a= | 8 |< 2] Eo 62] &o | && 
1 0 0 0 28 0 28 g Neale Ogiins 0| 0 0 0 
2| 228,575| 280,130) 775 | 2,258 45 49| 390| 12] 12] y| 110} 0 2| 112 
3 0 0 0| 17,445 768 677 sled 700 (ene a eeu nll iaeay 0| 0| 53) 53 
4| 2,381,065} 2,362,130| 6,480 | 135,774 | 1,528 | 1,697 | 4,168} 97] 80) y| 1,199 | O| 32 | 1,231 
5 51,825, 43,810} 114 | 16,980 13 13] 146/ O| 6| y| 54%] 0 1| 55 
6 0 0 0 11 0 0 OO. Osea 0| 0 0 0 
7 | 365,595| 281,505] 640 0 0 0} 169] 15] 183/16} 71] 0 Si 7 
g| 191,320} 1,113,220] 4,120 | 83,809 | 2,057 | 10,660] 309] 29] O| y| 74 |29| 34) 187 
g | 119,251] 102,655] 325 x x oem TOalee Ol eeChmeval metro Cl \amns4s laa On 
10 72,070| 1,010,565) 3,795 x x x 30] 29] 0| 0 1 | 29 0| 30 
11| 501,460 537,365] 1,425 | 62,654 | 1,324] 1,198 | 1414] 17] 48| y| 165 | 0] 15] 180 
12 0 0 0} 1,775 110 | 1,665 i Py Oe 0| 0 3 3 
13 | 145,520 135,500) 385 | 190,585] 1,925 | 1,567| 247| 0] O| y| 385) O| 57] 92 
14 0 0 o| 3,890] 1,377] 1,629 ZAC 105 | pede 0 0 | 0 3 3 
15 | 1,215,215) 1,162,990] 3,055 | 1,913 | 1,062 851| 766| 0| 40) y| 296 | 0 0| 296 
16 51,695|  44,820| 110 108 22 20 £4910) ny 0) se 7| 0 1 8 
17 | 944,090] 919,765} 2,460 | 5,592 104 149| 627| O| 11] y| 355 | 0 0} 355 
18 0 0 0} 2,047 0 35 We PP Ole 0] 0 0 0 
19 0| 2,392,180] 8,095 102 0 102| 156|155| 0] 3] 153 | 0 0| 153 
20 0 0 0 |2,259,542 | 205,252 | 197,992 | 1,211 | 87 | 121] y 0 | © | 1,004 | 1,004 
21 56,265, 46,535] 120 0 0 0 624) (0,8 |) 2)" 28810 3| 31 
22 0 0 0 | 442,332 | 12,218 | 8,284] 313) O}] O| y 0} 0} 189) 189 
93 | 19,073,415] 17,737.875| 42,932 | 158,6939| 42,412 | 70,626 | 460 | 107 | 0 | 35 | 329 | 2°) 96) 425 
24 0 0 0 0 0 0 Ft lh AO e | 0 0 0 
25 | 119,435] 83,500] 186 | 25,569. 24 22 53| oO] yi y ees % 
26 5,980 4030) 11 | 71,015 147 169 Oe uh AGE G 1a PE On) mead ee| ee 14 
27 0 0 0 0 0 ASE aol ae! 0| 0 0 0 
28 0 0 o0| 1,986 279 | 1,707 Ole Cl OH) 0 | 0 2 2 
29 20,005| 125,340) 343 | 57,296 | 8,757 | 14,208 | 103) 22) 0} y 71 0| 95) 102 
30 0| 95,405) 375 | 31,942 | 5,466 | 5,059 | 10} 0} y Bol my ae 
31 0 0 0 221 103 0 BiOner OW .2 0 | 0 0 0 
32 | 1,012,595] 1,024,735 2,880 6 0 0} 486] 19} O| y| 258] 0 0| 258 
3 0 0 0 0 0 0 | | Ol © 0 | 0 0 0 
34 | 407,090] 277,145} __ 870 164 2 Oy) eel) SUN ere) 2) 0}; 49 
35 | 26,771,145| 28,668,020| 75,376 |3,573,736 | 284,995 | 318,478 | 11,758 | 584 | 355 | 73 | 3,194 | 29 | 1,618 | 4,841 


8 Gas-production figures were supplied by the Louisiana Department cf Conservation. Casinghead gas production is 
ee Paling 17,531 million cu. ft. in 1937, of which 14,267 million was from Rodessa. The grand total Frohides only 
40,965 million cu. ft., as figures on casinghead gas have been kept only in recent years. ie 

9 Rodessa Oil Operators eeatted estimates Rodessa gas production to Dec. 31, 1937, as 342,360 million cu. ft.; 154,234 

‘ion to pipe lines and 188,126 million to air. : : ‘ 
ae Rak ead of completed wells and dry holes have been revised since the last review. 


U1 Sarepta-Spring Hill producing wells are included in Carterville totals. 
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TaBLE 1.—(Continued) 


Depth, Average Oil Production Methods ' Pressure, Lb. per Character of Oil, Approx.} Character 
in Feet at End of 1937 Sq. In.¢ Average during 1937 of Gas, 
Approx. 
heros 
5 uring 
Average at | Gravity A.P.I. 
Number of Wells End of at 60° F. = 
§ = oF 
o a 
me, Mee ca 2 25 
at ae | es 2 a's 1936 | 1937 | § | § [ye] -8 5 ;|8 
z| Fes |Eeel2) 2 |Sle| . (28 = | a Seige], | tele 
2] 22 a) 2 | 2.28] 3 4] tahies 32/32. 
4| s8© | 28/8] 2 | 8|4/8|8a] = 3/5 <2" 2 /a0ls 
6,695 | 6,665 
1 {7370 7/320 y y 4 Fe 
Vines imo] FF i200) 0f-0) 4 yl y| 21] 18 | 19\0.80/ A | 970! 0.34 
3 reo fey 2 1,880 y y y| 0.22 
4 re het = 0} 1,199 | 0} 0] 0| G vy) oy y| 46) 14 { 4910-50 A) 926) y 
Biiain { ote o| §654t} of of o| 0 yl y| 44) 38 | 42/0.27) P | 1,046) 0.33 
Pl etoae | ¢tely ieee Nis ae 
7 fer ees Oly WA] O41 Ooo y} oy y| 42/39] 4010.15) P| yl y 
8 
M 
Od Per 14 gare) c Owes 1 rete bso dw yh oy y| 32) 28 | 30/0.25| P | 1,000! 1.5 
10 Be ae 30) of of o| 0] o | e3,930 y { te Sty | P |1,173| 0.54 
11) 825-3500] «| 0 365 | 0| 0] 0} y| 0 0| 44/36] 40l0.25| P uly 
n|foae (fae Ga) lass 
aa ae R y 600 vi yu 
13|} 9496 |1 2,460; 9 35| 0] 0] o| 0 vides y| 32} 28} 2910.40] M | 1,025] 0.15 
14] 2/344 | 2336 vy) oy y 998| 0 
15| 2,680 | 2,665} o| 2961 0! o| ol Gg vy) oy y| 38] 31] 35]0.40| P | 1,100 1.5 
16 (io (is i ae ee ey ee 1 v| 40] 37] 3gio.22] P|” yl y 
17| {2 , 
2,065 112,040] o| 355| o| o| ola 
nar ae y y y| 39) 31] 35/0. P | 1,100) 1.5 
18 }2888 | 
19 Het 2380 1291 24] 0] o| 0 2000 300 slg 
; e2,000 |e2,000| 1.200} 36] 33} 3411.3 | M 
20} 2/205 | 92/145 1,020} ' y| 50'up 10170”. 60 
21| 3,237 | 3175| o| 28| 0] of] ol o yoy 42| 38 | 42/0.30| P uly 
22| 21447 | 9'349 1,125] y| 50 up 1,060) 0.34 
00 ’ 
23 { ato { pore] 271} 28 | 30] 0] 0| 0 | e2,780/e1,586 e1,886| 65] 42 { §3/0- 10 P | 1,060] 0.50 
24| 5,320 | 51317 vb cy y . 
25| 2,700 | 2681) of yl o| o| ol o 4 y| 28 25/0.32| M | 1,000 
26| 2,680 | 2,665 0} 110] 0| o| 0 y y y| 30 29/0.35| M | ‘971 riod 
27| 5,600 | 5,560 uv) soy y uly 
{ S301 { 5282 2,100 y 
5,700 5,664 aoe Y)) 2,475 yy 
ee 6 6 oO 0] of of} pel ow zi00 41 40| y | P | 1,050] 0.3 
so {44 |44az01 3) of 0] of o| o teas 
; H ; y y| 37 35| y P | 1,125) 0.56 
31| 2/850 | -2'840 1,200| 1,200 1,200 
32] 1,530 | 1,520] of 249 | 0] 9| o| 0 er eae 19|0.30] A i 
i) fod | aio] of | 3] 8] 8/8] 3} g] a Wa] Bea) a 
f R A 439| 2,744 | a1 4 y 0 0} 42 40/0.10} P | uly 


12 Different areas produce from Nacatoch at abo t 1000 ft.; B ; i . ; Pi 
580; rays Pa 4 dt hh at abou uckrange, 1950; Tokio, 2300; Rodessa, 4650; Pine Island, 
. ‘8 Production from Nacatoch at about 1000 ft.; Saratoga-Annona chalk, 1500 to 1600; B : io-% i 
dig rad rd to 2400; and at Pine Island, from Rodessa Glen Rose, 2800 to 3000; Pine ara ie Teenie Ales 


\4 Production from Nacatoch at about 800 ft.; Saratoga-Ann ; “Wood wae 600: 
ita-Fiedrcsurg aS yu ona chalk, 1400; “ Woodbine’’-Paluxy, 2 ; gas from Wash- 
r 


6 Production from Nacatoch at about 845 to 883 ft.; Buckran e, 1710 to 1745; Toki : i 
2759 and 3100 to 3120; Rodessa, 4108 to 4275; Pine Island (Pettit zone), 5100 fy peeete yt phi 
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ducing formation becomes thinner and tighter toward the north and 
northwest. Production is from an oolitic limestone in the Pine Island 
member, at depths of 5125 to 5375 ft. The porous bed varies from 3 to 
15 ft. in thickness, average about 10 ft., and most wells require large acid 
treatments before completion; so the production per acre will not be 


TaBLe 1.—(Continued) 


: Deepest Zone Tested 
EY oe to End of 1937 
2 
csc 
ae Name Ages ge ae Name 
4 . 8) . [se8 3 
E 2 ay 3 & 5 Bae oy bao 
a 3 = Bay eg ee) bettas: 
: E LE leel 8 [e=e a3 
eI & lela) & eo ae 
1} nine oe Crel O;Se gi Por yea 0 | Travis Peak 8,017 
Nacatoch, Buckrange CreU 
ieee { Grek S |Por) 252) AF | 109 | Cotton Valley | 6,137 
Nacatoch, Buckrange e . 
3 |} Rodessa, Pine Island rer S°O° Por) 9}, 7A 120 | Cotton Valley 9,244 
4| 33 CreU |g ¢.0,L|Por| y| Af | 929 | Cotton Valley 6,351 
CreL pate) 
i CreU s Por 9 | MU 49 | Paluxy 3,476 
e eto nee ee Boo ae § Por} 25| N 6 | Wilcox 3,705 
Saratoga-Annona, Cre Travis Peak 8,517 
if { Washita, Rodessa { CreL Cy | Por a | Af 72 | Travis Peal 
8 
1g fare [feof] | af 
10 i peti pea | a 2 § { _ {40 A 0 | Cotton Valley 8,681 
‘otton Valley ¢ : 
11 ae ee hit: | rhe §,C |Por| y| AF | 323 | Lower Glen Rose | 6,151 
“Woodbine,” Washita 
12 | teres ie : CreL 0,8 15 { bs A 1 | Travis Peak 7,693 
avis Pea 
13 | Nae Tn CreU § Por y| A 42 | Lower Glen Rose | 5,382 
ss 4 a LS P 8| D 10 | L. Cre. igneous 3,142 
is ey i pee eu s Por 25) 62 | Lower Glen Rose | 5,092 
16 “Woodbine” CreU Ny) Por| 11 | NL 28 | Fredericksburg? 3,373 
17 A ae CreU s Por| 63 | AF | 196 | Cotton Valley 4,504 
uckrange 
A Ss . 
18 oe | cd { 0 Por| y| A 0 | Travis Peak 5,625 
i L O 20) 10| N 1 | Travis Peak 5,800 
; ae <ees s rock” Crt LS 23) 50) A 102 | Cotton Valley 7,021 
21 esclite 3 CreL L,S |Por| 16) Nf 25 | Glen Rose 5,063 
“Monroe gas rock,” CreU 
22 { Tonto, Glen Rose ; { CreL z - Por} 76] A 40| Cotton Valley 9,986 
, esr, { Bio) |5-35| 5-80| AF | 2 | Rock salt 11,486 
23 | Rodessa 4 : 
i iP 10| A 0 | Travis Peak 5,822 
e ie ens Creu 8 Por Te ees 19 | Lower Glen Rose | 5,120 
bert CreU $ Por| 12] A 26 | Lower Glen Rose | 4,750 
a eae CreL O Por| 40] A 0 | Travis Peak 7,202 
28 {Beets d CreL 0,8 | Por; 30} A 2 | Travis Peak 7,023 
slan 
29 | ie {Gey 3,0 |Por| 30| A | 22 | Travis Peak 6,112 
re. 
13 
30 | Rodessa, Travis Peak CreL 0,8 Por { 50 ie f : eee . ae 
: ower Glen Ro: , 
31 Freer eee Wik Bee S| Por| 9 | MU| 160 | Tokio 6,463 
33 Gee ert eae Tee s Por} 9 | NF 8 | Wilcox 2,435 
83 | Jackson ( 
34 Saratoga-Annona CreU C Fis a | Af 417 | Lower Glen Rose | 7,155 
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large, considering the depth and cost of drilling. Wells are spaced one 
to 20 acres. The oil contains more sulphur than usual in north Louisiana 
oils, so there was some difficulty in establishing a market, and the price 
is lower than the usual schedule for oil of similar gravity. 

The structure as developed at present is a nose pitching south. There 
may be a closure to the north of present production, but oil accumulation 
seems at least partly due to tightening of the formation. Very little salt 
water is present, and structurally low wells are about as good as high ones. 
Structural relief between the highest and lowest wells is 200 ft. The 
original bottom-hole pressure of 2000 lb. has declined rapidly, and many 
wells have gone on the pump within a few months after completion. 


TaBLE 2.—Summary of Drilling Operations in Louisiana, 1937 


Important Wildcats Drilled in 1937 


Location 
Total : 
Parish ee Nankivrne Deepest Horizon Tested 
cone ene Bee. t. ormation 
fu Bionville ci ac.. eterna e Sees 15 16N|10W] 5,233 | Wilcox Glen Rose-Pine Island member 
2 | Bienvilles eke aan cosmemeeee 15 16N|10W] 5,625 | Wilcox Travis Peak 
Sl BIONVILles te caters ala meets aeierte 3 16N| 6W]| 8,017 | Claiborne | Travis Peak 
4:\ Bienville! a eyarmes oataan earths 13 16N | 5 W| 7,693 | Claiborne | Travis Peak 
Gi Dlenvilleate 22s atone 30 14N| 5W| 7,784 | Claiborne | Travis Peak 
6 | Bossier... .. 35 17N|12W| 6,112 | Wilcox Travis Peak 
TW Caddo: cae since ieee th relic 27 23 N | 16 W | 11,486 | Claiborne | Rock salt 
Bs | CAMAG crating, asaernte serene 11 17N| 15 W| 9,244 | Wilcox Cotton Valley 
Oi Cad dos tate sera: teen aes are 15 15 N | 12 W} 9,141 | Wilcox Cotton Valley 
10;|'Caddo?. tewkes deans aearcce 10 15N|15 W] 6,503 | Wilcox Travis Peak 
1 19N| 6 Wy] 5,894 | Claiborne | Travis Peak 
29 22N| 6W)| 6,147 | Claiborne | Travis Peak 
27 19N| 7 W| 7,247 | Claiborne | Travis Peak 
33 13 N | 12 W| 5,696 | Wilcox Glen Rose-Pine Island member 
24 11 N | 14 W} 5,930 | Wilcox Glen Rose-Pine Island member 
22 11N}| 9E | 6,500 | Pleistocene | L. Eocene? 
32 19N} 2W}] 5,822 | Claiborne | Travis Peak 
21 19N| 4 Wy] 6,011 | Claiborne | Travis Peak 
22 16N] 5 W| 6,210 | Claiborne | Glen Rose-Rodessa member 
ll 17N| 4W)} 7,023 | Claiborne | Travis Peak 
ich 32 17N/ 6E | 9,986 | Claiborne | Cotton Valley 
22: BAbING, is cust ene aces Pe 8 9N]|13W] 5,503 | Wilcox len Rose-Rodessa member 
28 || DING ie cen scietes, atone raiart tks 8 9N/13 W]| 8,517 | Wilcox Travis Peak 
24 | Wobater sacs tcc eretenccon 28 21N|10W | 8,188 | Claiborne | Cotton Valley 
2B) Webster: x. ce rc as meron etree 32 21N/}10 W Claiborne | Cotton Valley 
26) } Webster essa. 2 sty ios cod 17N| 9W Claiborne | Travis Peak 
BE Webster ctarsass cictatomt eeanemen 18N/10W Claiborne Sea pls member 
* en Rose 
23 Webster fotcone,. hc eee Le Claiborne { anhydrite 


ee 


a ee 
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Lake Bistineau.—The De Soto Oil & Gas Company’s No. 1 Dunn & 
Olsen, sec. 15, T. 16 N., R. 10 W., in western Bienville Parish, had shown 
for production in 1936, and was completed Jan. 4, 1937, as the deep dis- 
covery well in this old, shallow gas field, estimated at 20 million cu. ft. 
of gas with dark colored distillate from oolitic limestone and sand at 
5190 to 5235 ft., in the Pine Island member, having tested salt water 


TaBLE 2.—(Continued) 


Important Wildcats Drilled in 1937 


Initial Production Pressure, Lb. per 
per Day Choke Sq. In. 
oS Bean, 
. rac- 
Drilled by il Gus, tons Remarks 
.S. | Millions! of an | Casing | Tubin; 
Bbl. Cu. Ft.| Inch : : 
1| De Soto 0. & G. Co. Distillate} 20 214-in. | 2,310 Deep sand discovery, Lake Bistineau field. 
tubing Reported in last review, but officially 
7 completed in Jan. 1937 
2 | De Soto 0. & G. Co. Distillate} 25 y 2,160 Perforated 5,100 to 5,190 ft. 
3 | Seaboard Oil Corp. Distillate} 67 O.F. | 2,704 Discovery well, Bear Creek field. Plugged 
back and completed at 6,695 ft., in Pine 
: oe Island zone of Glen Rose 
4 | Lide & Greer Distillate} 18 2,800 “Travis Peak” discovery, Driscoll field. 
f Plugged back to 7,200 
5 | Hunt Oil Co. Dry 
6 | Haynes Drig. Co. Dry, deepest test, Sligo field 
7 | R. W. Norton 19 Deepest test in north Louisiana, and first 
to reach salt off domes. Plugged back 
to 5,980 
8 | Gulf Ref. Co. Dry 
9 | Prairie River Synd. - | Dry 
10 | W. J. Hunter 20 dist. 2 2 y y | Spring Ridge discovery, east of Bethany 
field. Plugged back to 5,199, completed 
. in Rodessa zone, Glen Rose 
11 | Union Prod. Co. 205 y 2 1,400 y | Discovery oil well, Sugar Creek. Plugged 
back to 5,747 
12 | Max Hirsch et al. Dry 
13 | Standard Oil Co. of La. Dry : 
14 | Benedum & Trees Dry. On north flank of De Soto Field 
15 | Vaughn Prod. Co. Dry. Spider area 
16 | Tensas-Delta O. Corp. 
17 | Lide & Greer Distillate} 50 Discovery well, Ruston field. Plugged 
¢ back to 5,320 
18 | Easton & Belmont Dry 
19 | E. H. Moore, Inc. Dry. East of Arcadia salt dome _. 
20 | T. L. James & Co. _ Deepest test and limits Simsboro 
fie! 
21 | Gulf Ref. Co. Dry. First deep test in Richland field 
22 | Cox et al. Distillate | 10 y y y | Deep gas discovery, Converse field 
93 | Kirk-Green-Way, Inc. ry 
24 | Ohio Oil Co. 235 dist. 3 A 2,950 | 2,600 pa rm! well, Bodcaw sand at Cotton 
alley © 
25 | Standard Oil Co. of La. | 400 dist. 4V6 174] 2,950 | 2,800 | Southwest extension and deepest test at 
re Valley. Perforated 8,594 to 
8,611 ft. 
26 | Standard Oil Co. of La. | 55 dist.) 24 apoopests tests Sibley field. Plugged back 
to 5,68 
27 | Tidewater Oil Co. Dry 
28 | Bass Drilling Co. Dry 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1987..........--- 70 14 
Number of oil wells completed during 1937.......- 410 1 
Number of gas wells completed during 1987..........- A08 - 


Number of dry holes completed during 1937 
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in the Rodessa member. A second well was completed during the year 
from the same zone, after drilling into the Travis Peak. There is no 
pipe-line connection. 

Rodessa.—Major drilling activity in the Rodessa field in 1937 was 
in the Texas and Arkansas extensions, but 90 oil and 17 gas wells were 
completed in Louisiana. The field was extended northwest almost to 
the corner of the state by production from the Gloyd limestone and 
Mitchell sand. One dry hole was drilled in 1937, and it may be noted 
that, excluding old shallow tests and junked holes, the part of the Rodessa 
field in Louisiana has been developed with only two dry holes, both of 
which were located just southeast of the major fault. However, this 
does not mean that all wells listed as producers will be profitable. 

Productive members or lenses, not all of which are present in any one 
part of the field, are, in descending order: the Hill sand, Neugent sand, 
Henderson sand, upper Gloyd oolitic lime, Mitchell sand, lower Gloyd 
oolitic lime, Dees oolitic and coquina lime and Young oolitic and coquina 
lime, all within 500 ft. below the base of the massive anhydrite, and col- 
lectively called the Rodessa member. A number of deeper wells have 
been drilled, but the Pine Island member and upper Travis Peak have 
not been found commercially productive in the Rodessa field. 

The R. W. Norton No. 1 Payne well, sec. 27, T. 23 N., R. 16 W., was 
drilled to 11,486 ft., the greatest depth ever reached in north Louisiana, 
and was completed as a gas well in the Young zone after plugging back to 
5796 ft. The location is near the fault, on the highest part of the Rodessa 
structure. This well had approximately 1060 ft. of Glen Rose beds 
below the base of the massive anhydrite, 1840 ft. of Travis Peak red beds, 
and 3240 ft. of the marine Cotton Valley formation, below which it 
penetrated 16 ft. into rock salt. There was apparently nothing corre- 
sponding to the Buckner anhydrite and Smackover limestone of Arkansas. 

Total oil production declined a little from 1936, owing to proration, 
which was in force throughout 1937. In spite of proration, the pressure 
dropped very low in some parts of the field, 188 wells had shown more or 
less salt water by December 1937, and artificial lifting methods were 
becoming necessary. Little drilling remains to be done in 1938. 

Sugar Creek.—Drilling to the 5700-ft. zone near the top of the Travis 
Peak continued in 1937 in this Claiborne Parish field. Oil was discovered 
in this sand by No. 1 Brown of the Union Producing Co. et al., sec. i; 
T. 19 N., R. 6 W., producing 205 bbl. per day at 5747 ft. (plugged back 
from 5984 ft.). Only 3 of 10 wells drilled produce oil, 7 being gas wells. 
All of the oil wells and 5 gas wells were old gas producers, drilled deeper 
from the 4300-ft. zone. 

Sligo.—In the Sligo field, Bossier Parish, development of the Pettit 
zone of the Pine Island member continued, with six oil and nine gas wells 
completed, but the area was limited by five dry holes, besides two others 
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which were plugged back. There were also six gas wells in the Rodessa 
member at about 4300 ft., and one well opened a new oil-producing lens 
at 3118 ft. It is evident that Sligo and Sugar Creek will not make impor- 
tant oil fields from any formations so far tested. 

Converse—The Cox et al. No. 1 Whitney Corporation, sec. 8, T. 9 N., 
R. 13 W., in the shallow Converse field, Sabine Parish, was rated as a gas 
and distillate producer from the Glen Rose below the anhydrite at a depth 
of 5503 ft., Jan. 7, and is the deep gas-discovery well in this field, although 
not completed in a satisfactory manner. The Kirk-Green-Way, Inc. 
No. 1 Whitney Corporation in the same section was drilled to a total 
depth of 8517 ft., 1427 ft. into the Travis Peak, but was abandoned as 
dry. There were also 14 shallow oil wells completed in the Annona chalk, 
but production showed a decline. 

Deep Gas Fields.—Little drilling was done in the deep gas fields dis- 
covered in previous years. At Driscoll, Bienville Parish, two gas and 
distillate wells were completed in the Travis Peak, and one test was dry. 
At Sibley, Webster Parish, one well was drilled into the Travis Peak, but 
was completed in the Rodessa member, where previous production was 
found. At Simsboro, Lincoln Parish, drilling resulted in two dry holes, 
limiting the field to the north and east. At Longwood, Caddo Parish, the 
discovery well was plugged back from the Travis Peak to the Pine Island 
member and re-completed, and a second well was drilled to the same zone. 

The W. J. Hunter No. 1 Stoer, sec. 10, T. 15 N., R. 15 W., Caddo 
Parish, made a small gas and distillate well in the Rodessa member at 
5125 ft., after drilling to a total depth of 6505 ft., in the Travis Peak. 
This well is on the east flank of the Bethany high, but may indicate a 
separate smaller structure. ‘Two small shallow oil wells were also com- 
pleted in secs. 5 and 6, T. 16 N., R. 16 W., on the east flank of the Bethany 
gas field. 

Old Fields.—In the old Caddo fields, 93 shallow oil wells, 4 gas wells 
and 27 dry holes were drilled. Among these were 34 oil wells near Pine 
Island, all completed in the chalk rock, mostly as a result of acid treat- 
ment; and 9 oil wells were completed in the Dixie pool. 

In and around the De Soto-Red River field, 15 oil wells, 2 gas wells 
and 14 dry holes were completed. The Grogan Oil Company’s No. A-1 
Ramsey, sec. 36, T. 11 N., R. 11 W., completed July 8, flowing 360 bbl. per 
day at 2961 ft., appeared to open an extension or separate pool of some 
importance, but later drilling in the vicinity resulted in only one small 
gas well and seven dry holes. On Dec. 30 the Petroleum Heat & Power 
Corporation’s No. 1 Kavanaugh, sec. 7, T. 11 N., R. 11 W. flowed 105 
bbl. per day at 2841 ft., as a southwest extension of the old field. Also, in 
De Soto Parish, dry holes between 5000 and 6000 ft. deep and into the 
_ lower Glen Rose, were drilled in sec. 33, T. 13 N., R. 12 W., on the north- 

west flank of the De Soto field; in sec. 24, T. 11 N., R.. 14 W., Spider area; 
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in sec. 28, T. 11 N., R. 12 W., Pelican area; and in sec. 1, Ll sen 
14 W., Gloster area. 

At Zwolle only one producing well was completed in 1937. The 
Hunter Co., Inc., No. 1 Bowman Hicks, sec. 12, T. 7 N., R. 13 W., flowing 
20 bbl. per hour on Noy. 28 from a depth of 2492 ft., opened an extension 
to the south of the Zwolle townsite area, and caused additional drilling 
to be started near the end of the year. 

In the Monroe gas field 87 producing wells were completed; 19 in 
Morehouse Parish, 21 in Ouachita and 47 in Union. Most of the wells 
drilled in recent years have been along the north and west edges of the 
field, where pressure remains high but volumes are relatively low. Many 
of the wells completed have open-flow capacities of only one to five million 
cubic feet per day. The Monroe field may be expected to lose some of its 
dominant importance to the newer deep gas fields, but in 1937 it still 
produced more than 62 per cent of the north Louisiana total. 

Deep Wells.—Besides the deep tests included in field descriptions, a 
few other deep wildcats are worth mentioning. In Caddo Parish two 
more tests were drilled into the Cotton Valley formation. The Gulf 
Refining Company’s No. 1 Hatcher, sec. 11, T. 17 N., R. 15 W., on the 
south edge of the old Cross Lake shallow gas field and about 7 miles 
southwest of Shreveport, was drilled to 9244 ft., penetrating about 2260 
ft. of Travis Peak red beds and 980 ft. of the Cotton Valley formation. 
The Prairie River Syndicate’s No. 1 Hutchinson, sec. 15, T. 15 N., R. 
12 W., in the Caspiana area southwest of the Elm Grove field, went to 
9141 ft., with about 2530 ft. of Travis Peak and 766 ft. into the Cotton 
Valley. Both of these wells are reported to have had very little porosity 
in the upper Travis Peak and Cotton Valley sands. 

The Gulf Refining Company’s No. 15 Rhymes, sec. 32, T. 17 N., 
R. 6 E., in the center of the Richland gas field, was abandoned at 9986 ft. 
in April, being the deepest test in north Louisiana up to that time. It 
found the lowest Glen Rose anhydrite at 3449 ft., had 5280 ft. of lower red 
beds (Travis Peak) and the last 305 ft. consisted mostly of limestone, 
evidently representing the Cotton Valley formation. 


PRORATION 


Proration based on acreage, bottom-hole pressure and gas-oil ratio 
has been in effect throughout 1937 in the Rodessa and Lisbon fields, and 
gas withdrawal from gas wells is limited by state law on the basis of 
acreage and open-flow potential. Allowables have been sufficiently high 
to avoid any serious complaint, and are in fact as high as the fields can 
stand without actual damage. The waste of gas at Rodessa has been 
greatly reduced since proration went into effect on Sept. 15, 1936. 
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PROSPECTS FOR 1938 


Activity will continue at Cotton Valley and Lisbon, but most of the 
drilling at Rodessa has been completed. The number of wells drilled 
will probably decline somewhat in 1938, unless discoveries are made early 
in the year. 

Exploration in recent years, since the discovery of the Rodessa field, 
has developed a large gas reserve on deep structures and in previously 
untested formations under the old shallow fields; and future discoveries 
of the same type are to be expected. Except in the Lisbon field, most 
of the production is gas and distillate, or light oil, which can be produced 
only with high gas ratio. Hence the present value depends largely on 
ability to find a market for the gas that must be produced in order to 
obtain any oil. Hast Texas also has a temporary oversupply of gas, 
and considerable quantities are likely to be found by deep drilling in 
south Arkansas. 

However, the Monroe field has been producing gas for 22 years and 
is now definitely on the downgrade. The Richland field has been almost 
depleted in 12 years. Gas lines radiate from Monroe all over the south- 
eastern states, and as far north as St. Louis. Even allowing for prospec- 
tive discoveries, it is difficult to foresee an abundant supply of gas for 
more than 20 years in the future. Properties capable of producing gas 
with large quantities of natural gasoline, distillate or light oil, even at 
depths exceeding 8000 ft., have real value and must become profitable 
to operate within a very few years. 


Oil and Gas Development in South Louisiana 


By Brnsgamin C. Crart,* Memper A.I.M.E: 


(New York Meeting, February, 1938) 


As predicted, during 1937 South Louisiana witnessed one of the most 
active drilling campaigns in the history of the area, resulting in the 
discovery of 14 new fields. The economic importance of 10,000-ft. 
production was far-reaching and the objective depths placed on some 
wildcats was 12,000 feet. 

Most of the important discoveries and deep tests were in the delta area 
between the Atchafalaya and Mississippi Rivers, where the upper 
Miocene sands were found productive between 10,000 and 11,000 ft. 
The casing program on these wells usually called for a protection string 
of 9%g-in. casing at approximately 9500 ft. Drilling barges with the 
heaviest equipment were used where water transportation was available. 

The oil production for South Louisiana during 1937 was 62,147,690 
bbl., as compared with 51,968,727 bbl. during 1936, an increase of 19.5 per 
cent. There were 281 oil and gas wells and 172 dry holes completed 
during 1937 as compared with 262 oil and gas wells and 135 dry holes 
during the previous period. 


New FIevtps 


Gibson.—The first discovery for the year was in the Gibson area, 
where Shell Petroleum Corporation’s Realty Operators No. 1, sec. 18, 
17 8., 15 E., Terrebonne Parish, was completed flowing 780 bbl. of 38° 
A.P.I. oil daily through a 14¢4-in. choke with a tubing pressure of 1700 lb. 
Production is from upper Miocene sand found from 9461 to 9483 feet. 

Abbeville.—The discovery well for the Abbeville field was Continental 
Oil Company’s Hebert No. 1, sec. 20, 12 S., 3 E., Vermilion Parish, 
completed flowing 50 bbl. of distillate and 2 million cubic feet of gas 
through a 34¢-in. choke with a tubing pressure of 2550 lb. The well was 
plugged back from 12,216 ft. in the Chickisawhay, and is producing 
through perforations from upper Miocene sand found from 7668 to 
7682 ft. Later in the year, the same operators completed Brookshire 
No. 1, sec. 66, 128., 3 E., flowing 366 bbl. of 42° A.P.I. oil per day through 
a 34¢-in. choke with a tubing pressure of 1800 lb. This well was com- 


Manuscript received at the office of the Institute Jan. 21, 1938. 


* Associate Professor of Petroleum Engineering, Louisiana State University, 
Baton Rouge, La. 
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pleted through perforations at 7884 to 7890 ft. after being drilled to 
11,909 feet. : 

South Roanoke.—A new distillate-producing area was discovered in 
Jefferson Davis Parish when Shell Petroleum Corporation’s Sturdevant 
No. 1, sec. 25, 10 8., 4 W., tested 15 bbl. of distillate and 3 million 
cubic feet of wet gas per day with a tubing pressure of 2850 lb. The well 
was drilled to 9749 ft. but production was obtained from the upper 
Miocene sand found from 8540 to 8550 ft. The first oil well was Union 
Sulphur Company’s T.R.S. Farms No. 1, sec. 23, 10 8., 4 W., completed 
flowing 50 bbl. of 47° A.P.I. oil and 3 million cubic feet of gas per day 
from sands at a depth of 8560 to 8563 feet. 

Lirette-—In May, Humble Oil and Refining Co. completed the deepest 
producing well in the world. Ellender No. 1, sec. 32, 19 8., 9 E., Terre- 
bonne Parish, was drilled to a total depth of 12,165 ft. and completed in 
upper Miocene sand found from 11,620 to 11,630 ft. The initial produc- 


TasBiE 1.—Oil and Gas Production in South Louisiana 


Total Oil 
Area Proved, Acres Production, 
Bbl. 
vee: 
. . ears 
Field, Parish to En 4 
of 193 Oil 
Bs Oil | and | Gas | Total | To End of 
5 Gase 1937 
A 
f 
BUH AV QTIEIET SICA CLOT Ey ips ct> = ate ates es 1 =iiPareini eine) ry0)n.c a) sive hei rhs) 01 ah 37 320 0 0 320} 55,278,555 
PUVATIGE Lid, DUUUCS Ee GILT: ialaiee cis svi ain cis ive) sie oe eheiwieltarcnerens eons 36 35 0 0 35 890,001 
SIIMUN ONG HATE ENSOT QUES e aecttalatay cine e.ntels =re cfk siete =o arse einveins Tosa 35 50 0 0 50 618,795 
AMIN TE COD I CH COSECU vevercrossrcinerere casei tiaras ulate rete maaaeT urs a Operemco Chere, «cael 28 265 0 0 265| 42,547,281 
5 | Edgerly, Calcasieu.........2.21.0 ee ee eee eg eeete tenets 26 215 0 0 215) 8,438,115 
6 | Pine Prairie, Hvangeline...........6.: 002s sees erences eee 26 10 0 0 10 20,000 
ANELOMEa LETT CUOTINE, Sete acde crs ule = <se 0 eb wine sleieiier ols e:e\s:0)ele /ois 26 0 0 | 720 720 
81 Bayou Bouillon, St. Martin...........-0.0. 00s cece eee e eee ees 22 20 0 0 20 385,233 
QUIN WH aIDGTIAs LOGEC... viecare pice sos tune ble aslerris.ccafesaye Styrislnys isnene staid 21 100 0 0 100) 8,643,530 
10 | Lockport, Calcasiew. .. 00... 0.0 recta er eee tee eee enon es 14 270 0 0 270} 14,178,292 
Pia star les) (0 GLCGRTCU tle oe- a): cis slctol aise Wises a menale vee were 13 50 0 0 50| 2,431,713 
12 | Salphur, Caleasieu.....0--.o0res cece see e ene cece ene cede esse 12 60 0 0 60] 11,288,899 
ASS weOb LAKEHOGMERON si 5 ace cin cco se ems cdinais isin seine nears 12 250 0 0 250) 3,450,051 
WAL Hainse: Point, POCMG. .- 22.2 cc eves cece seein vine cin aie il 10 10 0 10 32,837 
15 | Hackberry, Cameron. «csc. ccc cc ces cage ee nenmee rece nes 10 100 0 0 100) 3,828,121 
16 | Bast Hackberry, Cameron............5.:2cecee reer ete e eens 10 140 0 0 140} 18,694,847 
17 | Sorrento, Ascension........... 0a ee tees eee en sree ere eenes 10 20 0 0 20 788,836 
18 | White Castle, Iberville... ....... 0.000 cece nce e eee ee eees 9 50 0 0 50| 2,270,289 
19 | Port Barre, St. Landry...........-s0s0eere recente nee er eeees 9 75 0 0 75| 6,775,863 
20| Dog Lake, Terrebonne.......--..0.cce cece reset eet ence rene 9 40 0 0 40| 1,099,534 
21 | Bayou Blue, Iberville... 0.0.0.0... eee c ete eee teens 9 40 0 0 40 63,539 
22 | Black Bayou, Cameron.......0.0.0000eeece cece tect ences 9 100 0 0 100} 4,688,533 
93 |\ Lake Pelto, Terrebonne......0.00020creeereveneres es eeeees 9 80 0 0 80 570,026 
94| Lake Barre, Terrebonne...........-000-0e cree eens teeters 9 100 0 0 100} 15,098,689 
25 | Caillou Island, Terrebonne...........60000s seer ee recess 8 370 0 0 370) 16,962,108 
96 | Cameron Meadows, Cameron.........+0002 eer eer esse eens fl 100 0 0 100} 4,927,000 
97 | Choctaw, Iberville. .........00e eee een ete n ence rec enees 7 30 0 0 30} 1,730,339 
7 200 0 0 200) 2,075,220 


28 | Lake Washington, Plaquemines..........+--++++220esrsereeee 


« Footnotes to column leads and explanation of symbols are given on page 313. 
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tion was 513 bbl. of 36° A.P.I. oil per day through a 5/ g-in. choke with 
tubing pressure of 2700 Ib. and casing pressure of 3400 Ib. Because of 
salt-water intrusion this well was later plugged back and is producing a 
small amount of distillate at 10,530 feet. 

Long Lake.—Fohs Oil Co. and Pilgrim Exploration Co. discovered 
Miocene production in their State Long Lake No. 1, sec. 65, 1758., 19 E., 
Lafourche Parish. Initial production was 890 bbl. of 38° A.P.I. oil per 
day through a }4-in. choke with tubing and casing pressure of 1400 lb. 
Oil sands were found from 9365 to 9373 ft., the total depth. 

Venice.—Exploration on the flank of the Venice salt dome resulted in 
the sixth discovery for the year. Tidewater Associated Oil Company’s 
Manhattan Fruit Co. No. 3, sec. 26, 21 S., 30 E., Plaquemines Parish, 
found saturation in Miocene sands from 7180 to 7208 ft. The discovery 
well made 216 bbl. of 39° A.P.I. gravity oil per day through a 5o-in. 
choke with tubing pressure of 900 pounds. 


TABLE 1.—(Continued) 


— eG 


Total Oil Production, Bbl. BN A een Number of Oil and/or Gas Wells 
Sts During 1937 At End of 1937 
= 2 
A : 

S| During During ab © re [As] 25 I iS 

a 1936 1937 Sz] s 2 | 2 |g8/ 33 3| 2% aE >, $3 we) 
E a gels | S| § [sS\gzlggigs| & 

bo | Be # 2 4 a Beene Z jas] s0/sols 3 

3 ae|e2/2 | 2 sfS| & | 8 |ga] Bs |SEesl ge 
= Be | 4 4 |s5/8 Oo | S [RF eS ik 1S] s 

i 806,446 | 2,974,847 | 14,394 574 47 0 0} 95 95 

2 19,700 68,391 3 3 0 Ol =7 7 

3 11,962 10,360 28 67 0 0 3] 14 

4 652,347 474,974 1,238 444 3 1 9| 72 2 

5 69,081 60,940 150 177 0 0 5} 13 13 

6 0 0 0 4 0 0 0 

7 0 14,295 10 0 0 0 

8 11,589 7 0 ll 0 0 1 

9) 1,773,125 | 6,150,391 | 14,865 42 17 0 1} 37 37 
10 473,422 516,007 1,337 83 1 0 8} 26 26 
1l 183,184 220,350 677 30 1 0 2) 20 20 
12/ 1,760,376 | 1,418,793 3,073 111 15 3 12} 69 69 
13 351,984 292,142 721 9 0 0 1 5 5 
14 0 1,111 0 5 1 0 1 
15 189,620 | 1,378,827 3,627 83 25 1 7| 40 40 
16| 2,969,047 | 3,250,010 8,687 126 5 0 8} 51 51 
17 139,071 69,141 160 12 0 0 5} 2 2 
18 332,588 494,049 1,538 10 
19 836,411 618,931 1,297 46 5 0 3 P 08 
20 229,308 627,876 2,487 
21 0 1,702 0 76 : 0 i : : 
22] 1,086,952 | 1,304,343 3,498 28 2 0 6} 17 | 17 
23 60,903 315,068 1,248 
24| 2,534,433 | 1,367,859 2,503 8 3 0 3 94 94 
25) 5,519,712 | 6,405,683 | 15,469] - 37 ll 0 0} 35 35 
26} 1,829,798 1,484,703 3,586 36 2 0 5} 29 29 
27 351,516 441,449 980 12 2 0 1 8 8 
28 432,009 437,867 909 16 0 0 6] 7 Ul 
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TaBLE 1.—(Continued) 


Depth, Average in Feet Oil Production Methods Character of Oil, Approx. 
at End of 1937 Average during 1937 Character of Gas, 
Approx. Average 
during 1937 
Number of Wells GravityA.P.I. at 60°F. 
| Bottoms of | To Top of ° 
2 seodintive Productive Bes Gal 
a he ~ r 
: ells Zone . Fi a % a | E Bel sk ee Cascling 
A e/6| 8 |S fe 2 | 8 | Sel aS] s [cur — 
A 6 | & ts 3s a a o> = S | 2 Cu. Ft. 
S| El lcs 6 | 24 4 = Pane ese || ea bes 
1 1,944 1,833! 5 | 60 26-34.5/21-34.5| 28 | 0.17| A 
2 1,506 1,3512 2 5 24 22 23 0.37 | A 
3 1,158 1,148 14 22.601 22 22.25) 0.15 | A 
; AVE Hees : is 1 32 20 29.4 | 0.30) A 
2 eee ee 22 19 20 0.18 | A 
7 2,469 2,448 
A Ate 2,835° 
458 2,398 36 1 24.9 24.9 | 24.9 | 0.26] A 
10 4,558 4,5337 14 12 41 23 33 0.12) A 
11 2,272 2,2248 3 17 32 18 25 0.30} A 
12 4,160 4,136° 49 12 8 36 19 26 0.31 | A 
13 6,284 6,26210 4 1 32 29 28.5 | 0.12 | A 
14 { 6,430 6,384 \ 
1,170 1,137 
15 3,331 3,296. 16 24 32 19 20 0.37) A 
16 3,700 3,66812 21 30 32 20 28 0.44) A 
17 { 1,639 1,624 \ 2 
4,351 4,338 31 26 28 0.388 | A 
18 } 5,188 5,17013 4 1 3 
5,836 5,700 26.5 | 24.2 | 25 0.36 | A 
19 3,407 3,36814 26 BB yirk | vas 27 0.38 | A 
20 { 1,068 1,056 \ 
7,125 7,10115 3 38.5 | 38.5 | 38.5 | 0.22 | A 
21 2,319 2,26216 
22 4,535 4,44617 7 4 6 23.8 | 18 21 0.11 | A 
23 { 1,373 1,274 \ 
6,270 6,24818 4 34.3 | 34.3 | 34.38] 0.55 | A 
24 3,836 38,7779 16 8 35.5 | 33 34 0.32 | A 
25 4,555 4.51020 35 34 32 33 0.26 | A 
26 4,113 4,08021 14 15 41 27 37 £0) A 
27 3,107 3,05222 2 6 29.6 | 26.4 | 28.2} 0.15 | A 
28 1,154 1,135 7 19 18 18.3 | 0.73 | A 


1 Production obtained from following zones: 1515-2075 ft.; 3915-4830 ft.; 5480-5530 ft.; 6360-6900 ft.; 6100-7100 ft.; 
6760-6910 ft,; 7300-7392 ft.; 7525-7545 ft.; 7683-7803 ft.; and 8600-8760 ft. 
2 Production obtained from following zones: 400-760 ft.; 1380-1535 ft.; and 1645-1890 ft. 
3 Production obtained from following zones: 1100-1170 ft.; 1510-2150 ft.; 2050-2440 ft.; 2600-2800 ft.; 2915-3272 ft.; 
and 3395-3665 ft. ‘ 4 
4 Production obtained from following horizons: 1060-1558 ft.; 2314-2355 ft.; 2655-2795 ft.; 2890-2920 ft.; 3095-3205 ft.; 
3100-3264 ft.; 3405-3650 ft.; 3680-3740 ft.; 3910-4055 ft. 
5 Production obtained from following horizons: 410-450 ft.; 3025-3210 ft.; 3235-3360 ft.; and 4284-4341 ft. 
6 Producing zones: 1008-1070 ft.; 1665-1701 ft.; 2690-2855 ft.; 3805-3828 ft.; 4010-4050 ft.; 4476-4500 ft.; 4592 ft.; 
4650-4794 ft.; 4812-4888 ft.; 5885-5410 ft. 
7 Producing zones: 1000~1095 ft.; 2960-3237; 3385-3400; 3620-3875; 4315-4435; 4705-4924; 5100-5665; 5970-5985; and 
6445-6623 ft.; 6687-6737; and 6917-6937 ft. 
8 Producing zones: 535-570 ft.; 746-910; 1205-1240 C.R.; 1080-1278 Sd.; 2300-2315 ft.; 3000-3020; 3400-3420: 3690- 
3721; 4175-4288; 4436-4431; 4759-4795 ft. 
9 Producing zones: 2760-2950; 3150-3575; 3985-4200; 4300-4525; 4775-5175; 5496-5512; and 5325-5700 ft. 
10 Producing zones: 5170-5195; 5632-5718; 5900-5925; 6795-6815; and 7335-7387 ft. 
11 Producing zones: 3010-3400; 3700-3975; 4275-4350; and 5850-5870 ft. 
12 Producing zones: 2610-3100; 3900-4015; 5990-6140; 7232-7242; 7370-7390; 7480-7525; and 7630-7675 ft. 
13 Producing zones: 5170-5188; 5700-6042; 6440-6559; 8894-8902, and 8925-8942 ft. 
14 Producing zones: 3150-3200; 3320-3420; 3542-3568; and 3710-3717; 4867-4883 ft. 
15 Producing zones: 1056-1068; 6830-6877; 7101-7125 ft. 
16 Producing zones: 1710-1735; 1900-2300; and 3575-3590 ft: 
17 Producing zones: 965-980; 4380-4520; 5080-5220; and 6615-6630 ft. 
18 Producing zones: 1274-1373; 5420-5465; 6248-6270; and 6440-6540 ft. 
19 Production from sands between 3650 and 4080 ft. 
20 Producing zones: 3206-3243; 3765-4006; 5062-5097; 4327-4383; 4871-4913; 6620-6648; and 6829-6842 ft. 
21 Producing zones: 3310-3375; 3510-3580; 3770-3850; 3904-4100; 4243-4259; 4325-4410; and 5263-5273 ft. 
22 Producing zones: 2030-2050; 2410-2560; 2880-2900; 4100-4400; 4515-4581; and 5413-5472 , 
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Bayou des Allemands.—The discovery well and the first drilled in this 
area was Amerada Petroleum Corporation’s and Louisiana Land and 
Exploration Company’s State No. 1, sec. 13, 15 S., 20 E., St. Charles 
Parish. It was completed in Miocene sand at 6820 to 6830 ft. after 
encountering salt at 8632 ft. Initial production was 570 bbl. of 34° A.P.I. 
oil per day through an 18¢4-in. choke with casing and tubing pressure 
950 and 400 lb., respectively. 

Horseshoe Bayou.—The second deepest producing field in the world 
was discovered by The Texas Company’s Horseshoe Bayou No. 1, sec. 
40, 17 8., 19 E., St. Mary Parish. The initial production was 1150 bbl. 


TaBLE 1.—(Continued) 
penne Tone ek NS Me 


Producing Rock ee ata 
jo | 
pee 
Es 
s§ Ps 
ba am a >> Depth of 
Z Wane Ages | 185] 4 [ses] Name | pepthot 
ed = > a) =| & Be 
Zz 2iz/e£] S /ses 
: g | 2 |S2| 2 lace 
3 O18 |at| # (2568 
Pn Paya ie . 3,856, 
1} “Fleming,” Marginulina Mio S | Por} 120] DS} 116 | Vicksburg 8'903 
2 | Citronelle, “Fleming,” Jackson Pli, Mio,| $S Por 35 | DS 83 | Jackson 1,50030 
oc 
3 | Pli-Mio contact Pli, Mio 8 Por 8/ D 43 | Vicksburg 9,010 
4 | PliL, “Fleming,” Discorbis, Marginulina| Pli, Mio S | Por DS | 207 | Jackson 6,939 
5 | PliL Pli 8 Por} 130] DS 90 | Jackson 8,414 
6 | “Fleming’’ Mio 8 Por 30 | DS 34 “Fleming” 5,112 
7 | Upper Marine Mio Mio Ss Por 10 13 | Mio 5,645 
8| “Fleming” Mio 8 Por 28 | DS 43 | Vicksburg 3,9103) 
6 | PliL, “Fleming” Pli, Mio 8 Por 46 | DS 50 | MioL | 7,934 
10 | “Fleming,” Heterostegina Mio S | Por} 100] D 18 | Marginulina 7,902 
11 | PliL, cap rock, “Fleming,” MioL Pli, Mio 8 Por 40 | DS 60 | Jacksons? 7,207 
12 | “Fleming,” Heterostegina Mio 8 Por | 120] DS 42 | Mio 9,250338 
13 | “Fleming” Mio S| Por 40 | DS 7 | Mio 8,070 
14 | “Fleming” Mio S| Por 7/1 Ds 19 | “Fleming” 7,157 
15 | “Fleming” Mio S | Por} 385] DS | 118 | Jackson 342434 
16 | “Fleming” Mio S| Por 65 | DS 75 | Claiborne 6,96335 
17 | Cap rock, Vicksburg 2, Olig A,S | Por 45 | DS 29 | Vicksburg 5,72536 
18 | “Fleming” Mio 8 Por 30 | DS 6 | “Fleming” 9,127 
19 | Marginulina Mio 8S | Por} 35] DS | 31 | Heterostegina 7,213 
20} PliL | Pli iS} Por 12} DS 15 | MioU 7,128 
21 | “Fleming” — ‘ Mio 8 Por 20 | DS 15 | “Fleming” 6,103 
22 | Cap rock, MioU, Heterostegina? 2, Mio L,8 | Por} 120] DS 2687 | Marginulina? 6,20088 
23 | Upper Marine Mio Mio S | Por 55 | DS 9 | MioU 7,089 
24 | Upper Marine Mio Mio 8 | Por| 75} DS 16 | MioU 10,959 
25 | Upper Marine Mio Mio iS} Por 90 | DS 17 | MioU 6,648 
26 | “Fleming” Mio 8 Por 40 | DS 10 | MioU 9,331 
27 | “Fleming” Mio 8 | Por} 40] DS 1859 “Fleming” 8,969 
28 | Cap rock, Super-cap sand z, Pli L,S | Por 26 | DS 30 | Mio 5,86040 


30 Deepest well abandoned at 6204 ft. in the Miocene. 
31 Deepest well abandoned at 6471 ft. in lower Miocene. 
32 Abandoned in heaving shale. 

33 Abandoned in salt. 

34 Deepest well abandoned at 7834 ft. 

45 Deepest well abandoned at 8384 ft. 

36 Deepest well abandoned at 6565 ft. 

37 Includes seven sulphur tests. 

88 Deepest test abandoned at 6905 ft. 

89 Includes elght sulphur tests. 

40 Abandoned in salt at 6179 ft. 
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of 40° A.P.I. oil per day through a 14-in. choke with tubing pressure of 
2000 lb. The well was plugged back from 12,261 ft. and brought in 
through perforations in Miocene sand from 10,863 to 10,873 feet. 

South Elton——Another 1937 discovery was Stanolind Oil and Gas 
Company’s Calcasieu National Bank 2-B, Jefferson Davis Parish. The 
discovery well is in sec. 28, 7 8., 3 W., and was completed through casing 
perforations from 8955 to 8965 ft. in the Chickisawhay after plugging 
back from 9339 ft. in the Vicksburg. Initial production was 128 bbl. of 
52° A.P.I. distillate and four million cubic feet of gas per day through a 
14-in. choke with tubing pressure of 3000 pounds. 

North Crowley.—The second discovery for the Humble Oil and Refin- 
ing Co. was North Crowley, Acadia Parish. Federal Land Bank No. 1, 


TaBLeE 1.—(Continued) 


Total Oil 
Area Proved, Acres Production, 
Bbl. 
fee 
nh F ears 
Field, Parish to En d 

He of 1937 Oil 
a Oil | and | Gas | Total | To End of 
E (age 1937 
a 
o 
a=! 
Hw 
PO MOC ALE WIALLOUN CROs e civ cate oye tcs- Fels bai viase ni ovaese gis else ioesve isle €°s sll 7 210 0 210) 17,124,468 
30.| Iowa, Calcasieu, aches ites Ses Bt A en i 0 | 1,000 1,000} 29,405,527 
31 | Darrow, ‘Ascension. . yo a Be. ele en ns en RoE 6 130 0 0 130) 1,522,845 
32 | Gueydan, VENT IGO REI. Me ce Re Te aes Ra aS oc, 6 50 0 0 50 732,911 
38 | Bosco, Acadia-St. Landry..........- 0.6.02. 20e seen essen 4 1,250 0 0 | 1,250) 15,028,716 
34 | Lake Hermitage, Plaquemines.............. 0.0.00 cece ee enee 4 25 0 0 5 109,434 
BD EROATOKC) PERCTEON=DANS. o.50 5 6 cic eens dees sient ms nents sas 4 500 0 0 500) 6,075,672 
SOUeBolrulsleyeherrebonne ane esc sa kisreeraa-ag es «alleys byes se ners 4 20 0 0 20 92,870 
STM HAG IMIS ORSCASIEU erie cao che orice vielise seis enh ciete oie siete ale 4 400 0 0 400} 12,909, 796 
Sila tbte eH ElSON sel, wii ci cie diss 1efs.siceiters cleo ue rai (tennte aegis 3 0 600 0 600) 7,507,509 
30) Tepetate, Acadia........ 0.0... eccrine teeter eeeetneee eee ens 3 0 | 1,200 0 | 1,200] 4,006,324 
40 | Bunkie, Rapides Re ett ra, hs omk e Megas eee Tauts 3 0 50 0 50 271,986 
41 | St. Martinsville, St. Martin............ 02-00 ev eerste cece ees 3 0 50 0 50 543,039 
AO MINGRMeTe LER E ad ONY ae tlets cries areiesf eistele ad aye Biv ai sanfoieuase/sbeie (oer 3 250 0 0 250} 3,268,754 
43 | Garden Island HRA VANE LAQUEMINES ce tetera vines ial totals stelciscyae = 3 50 0 0 50 969,401 
BAEC TAT entOU sy GLGUNCIE Ns sGaieien aise eiesine is isin KG aiaie > on lh 2 asian 6 2 100 0 0 100 250,918 
Awe Take; OGMETOW canis © cts msi sins Ne ers sae os iesleincient 2 20 0 0 20 40,419 
46 |\Bayow Mallet, Acadia... ..2et. 06. eee cence e eee ees Z 60 0} 10 70 119,676 
47 | Valentine, Lafourche Aare Men es ro Sahiba GrsySiece ges 2 200 0 0 200 970,066 
FEM MOEN a royihy fa 0 0 ie ge Gn gr OD ie ie apes ae gee oe 2 50 0 0 50 12,249 
49 | South Jennings, RICH OnEON =D UTES tor eel sso ave ooo slo et 2 60 0 0 60 2,771 
50 | Bay St. Elaine, Terrebonne...........2. +00. cee c eee eee eee 1 80 0 0 80 51, "453 
51 | Abbeville, Vermillion..........00-.+ss ec ester eee eeeeen es 1 40 0 0 40 11,386 
52 | Venice, Plaquemines...........0 cere cece este eee eee ees 1 20 0 0 20 159,206 
53 | South Elton, Jefferson-Davis......... 0026-000 s creer eee e sense 1 40 0 0 40 1,999 
54 | South Roanoke, Jefferson-Davis............--..00++ coe 1 40 0 0 40 4,180 
55 | Lake Long, Lafourche..............0000eeeeeee 1 60 0 0 60 83,614 
56.| Gibson, Terrebonne..........-.+++-+ 1 80 0 0 80 418,643 
57 | Potash, Plaquemines.........--.-- 1 10 0 0 10 
58 | Bayou "des lemands, St. charles Ae 1 40 0 0 40 37,295 
59 | Horseshoe Bayou, St. Mary. . best inierissts il 40 0 0 40 74,671 
60 | North Crowley, Acadia..........-..:-eec eect tre eee tees 1 100 0 0 100 31,150 
61 | Ville Platte, Huangeline..........0-0 0c cere eee ene eee 1 300 0 0 300 2,391 
62 | Quarantine Bay, PIAQUEMINES) oot ens wine ceri os os 1 40 0 0 40 971 
63 | Bateman Lake, St. Mary 1 40 0 0 40 2,408 
64 | Lirette, Terrebonne 1 oO} 0 20 26,342 
65 Motallaee eresect: fie 135 2,900 | 730 | 11,055} 329,647,286 
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sec. 34, 88., 1 E., after testing sands in the Frio at 9339 ft. was plugged 
back to the Heterostegina zone and completed in sand at 8082 to 8102 ft. 
It tested 680 bbl. of 36° A.P.I. oil per day through a 14-in. choke with 
tubing and casing pressure of 1175 pounds. 

Ville Platte-—The first well in this area to find production in the 
Sparta sand was Continental Oil Company’s Tate No. 1, sec. 44, 3°8.; 
9 E., Evangeline Parish, completed in sand at 9007 to 9035 ft. Produc- 
tion from this horizon opens up many prospects for deep drilling along the 
“Conroe Trend” which have proved dry in the Cockfield sand section. 
Initial production was 172 bbl. of 55° A.P.I. oil and two million cubic feet 
of gas daily through a 3/¢-in. choke with a tubing pressure of 2500 lb. 
and casing pressure of 2700. 


TABLE 1.—(Continued) 
a 


Total Oil Production, Bbl. Migr ede ae tens Number of Oil and/or Gas Wells 
x | During 1937 At End of 1937 
& 2 
on ‘3s = 
S| During During ae oy re As] $5 >a (o) 
a 1936 1937 BS ‘s 8 8 |g8| 3s 3 B FEE| wy leslem) & 
Lge ihe — | 3 [Buss] 2] & (s8/ga (Fe fz] 2 
z pa | Be | 2 | # lee SS) 2 | 8 leo) ss feces E 
: gs|s2)2 | 2 (3) 88| & | & Belts lesealge 
a oe oh a (=) eel ks oO | < Beta eos 
29| 4,596,027 | 2,651,187 5,917 123 14 0 ll] 97 97 
30} 6,568,936 | 6,335,933 | 17,089 13,960.5| 4,556] 4,627.5) y 80 10 0 10| 46 46 46 
31 525,997 716,022 1,878 13 4 0 2 8 8 
32 60,026 100,877 382 6 1 0 1 5 5 
33 | 4,577,615 | 3,017,508 7,399] 11,546.9] 4,820) 6,726.9 y 69 0 0 14) 57 5 62 
34 22,964 15,212 51 3 0 0 0 3 3 
35| 2,260,365 1,957,009 4,872 35 8 0 4) 30 30 
36 1,018 ,418 2 0 0 1 1 1 
37| 5,678,922 5,087,762 | 10,559 y y 7] 70 13 0 3) 65 65 
38| 2,724,454 | 4,138,111 | 11,056 4,020.5 0} 4,020.5) y 17 9 0 1 0 18 18 
39] 1,472,885 | 2,401,675 5,459} 11,118.5 0} 11,118.5} y 54 14 0 0 0 53 53 
40 165,155 97,912 182] 3,524.1] 1,825) 1,588.1 y 5 0 0 0 0 5 5 
41 301,335 213,352 754 136.8 53 63.8) y 4 1 0 1 0 2 2 
42 993,522 2,272,418 6,909 22 ll 0 0} 22 22 
43 310,884 606,212 2,204 8 4 0 2 6 6 
44 16,709 234,272 872 5 4 0 0 5 5 
45 1,853 38,556 140 3 2 0 ii 2 2 
46 55,431 64,245 13 5 1 0 1 4 4 
47 0 970,066 4,933 14 14 0 0} 13 13 
48 0 12,249 31 2 2 0 O3 2 
49 0 2,771 6 1 1 0 0 1 1 
50 51,453 269 3 1 0 0 1 1 
51 11,386 0 2 2 0 0; 2 2 
52 159,206 1,050 2 2 0 0 1 1 
53 1,999 4 1 1 0 0 1 1 
54 4,130 49 2 2 0° 0 1 1 
55 83,614 367 1 1 0 0 1 1 
56 418,043 2,604 5 5 0 ee 5 
57 3 1 1 0 0 1 1 
58 37,295 315 1 1 0 0 1 1 
59 74,671 455 1 1 U 0 1 1 
60 31,150 y 2 2 0 Oia? 2 
61 2,391 0 1 1 0 0 1 1 
62 971 32 a 1 0 0 1 1 
63 2,408 0 1 1 0 0 1 ix 
64 26,342 23 1 1 0 0 1 1 
65 | 51,968,727 | 62,147,690 | 168,628 58,620.3] 11,254) 28,720.3 2,706 | 282 5 150} 954 124 5 | 1,083 
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Potash.—The third discovery for Humble Oil and Refining Co. was 
on the Potash prospect in Plaquemines Parish. The discovery well, 
Orleans Levee Board No. 11, sec. 10, 8 S., 15 E., was completed flowing 
25 bbl. of 25° A.P.I. oil per day from super-cap sands found at 689 to 695 ft. 


TasBie 1.—(Continued) 


Depth, Average in Fe Oil Production Methods Character of Oil, Approx. 
a 2 = at End of 1937 Average during 1937 Character offGas, 
Approx. Average 
during 1937 
Number of Wells Gravity A.P.I. at 60°R 
..| Bottoms of | To Top of ° 
8| Productive | Productive g y Gal 
| Wells zone eo a eS aS q g Sh oa peu * | Gasoline 
a =] a | 3S \s8 q q se] BO D per M 
io = |S : a3 |e.) 3s | Curt. 
a s.| 8 2 | 2 |83| & gq |3e | 2s'| 3 ee 
Si |) Gs o | 4 |e! = = |et | ee | 3 
29 3,729 3,66025 17 74 4 2 29.2 | 22.9 | 26 0.40 | A 
30 6,941 6,92024 46 49.7 | 25.4} 41 0.37 | M | 1,102 0.50 
31 25 20 7 1 41.6 | 34.1 | 37 0.12] A 
32 3,972 3,92426 3 2 De ates earean | Ostam| ee 
33 27 aT 40 22 45.6 | 36 38.5 | 0.17 | M 
34 28 28 3 32.1 32.1 | 32.1] 0.06 | A 
35 8,477 8,45429 26 1 3 38.4 | 37 38 0.10 | M 
36 5,642 5,512 1 44.5 | 44.3 | 44.4] 0.18 | M 
37 41 41 52 13 2g | 34.1 | 34.1 | 34.1 | 0.68 A y y 
38 42 42 18 35 35 35 0.19 | A 
39 8,315 8,275 53 44.5 31 37 0.34] M 
40 5,710 5,704 5 53.9 | 53.9 | 53.9 | 0.30 | A | 1,146 0.75 
41 5,582 5,557 2 32 32 32 0.21 | A | 1,019 0.03 
42 43 43 21 1 40.7 | 40.7 | 40.7 | 0.31 | M 
43 44 44 5 1 37.2 | 37.2 | 37.2 | 0:25 | A 
44 7, 18545 7, 206% 5 36 35.5 | 36 0.42 | M 
45 | 8,334 8,318 \ 2 
7,944 7,966 55 55 55 y 1g y Wet 
46 6,385 6,390 4 36.7 | 27.9 | 30 0.22 | M y Wet 
47 6,950 5,37047 13 35 31 32 0.30 | M 
48 5,323 5,315 2 52 52 52 y P 
49 8,648 8,634 1 50 50 50 y P 
50 5,643 5,520 1 30 30 30 y M 
51 | 7,682 7,668 \ 9 
7,890 7,884 42 41 41.5 | y P 
52 7,208 7,180 1 40 38 39 0.10 | P 
53 8,965 8,955 1 54 54 54 y iP, 
54 8,563 8,540 1 50 50 50 y ip 
55 9,375 9,365 1 38 38 38 O12 3) ee 
56 9,490 9,460 5 38 38 38 y P 
57 695 689 1 25 25 25 7] A 
58 6,830 6,820 1 34 34 34 OLTT= RP: 
59 10,873 10,863 1 40 40 40 y iP 
60 8,192 8,082 2 36 36 36 One 
61 9,035 9,007 1 55 55 55 y P 
62 8,177 8,134 1 36 36 36 y iv 
63 10,905 10,900 1 33 33 33 y M 
10,530 10,517 
64 11,630 11,620 1 50 36 45 0.34 | P 
65 618 | 403 51 11 


ee ee eee Saar 
ipsa oe gas produced from sands found at the following depths: 2800-8000; 3300-3560; 3670, 3760, 3837, 4200, 4400, 
and 498 t. 
24 Production obtained from sands found at the following average depths: 4426, 4515, 5135, 5585, 6525, 6935. Most 
wells have been deepened to or completed in the zone of 6935 ft. 
25 Producing zones : 4008-4035; 4820-4827; 5488-5513; 5669-5686; 5882-5836; and 6485-7000 ft. 
26 Producing zones: 3450-3555; 3890-4300; and 4820-4850 ft. 
27 Producing zones: 7760-7830; 8050-8090; 8420-8500; 8620-8700; 8750-8800; 9004-9024; and 9018-9028 ft, 
28 Producing zones: 3176-3191; 4257-4269; and 4640-4646 ft. 
29 Producing zones: 7796-7918; 8660-8682; 8814-8830; and 9314-9345 ft. 
41 Producing zones: 5156-5180; 5258-5272: 6413-6419; 6710-6767; 7005-7085; 7368-7377; and 9242-9246 ft. 
42 Producing zones: 9396-9440; 9555-9575; 9912-9968; and 10030-10110 ft. 
43 Producing zones: 6630-6660; 6725-6735; 7010-7055; 7478-7498; 10272-10292; and 10412-10424 ft. 
44 Producing zones: 4450-4480; 4601-4616; 4885-4895; and 4915-4930 ft. 
45 Producing zones: 3940-3948; 4955-4980; 7185-7206; and 7908-7923 ft: 
46 Producing zones: 7944-7966; 8318-8334; and 9040-9060 ft. 
47 Producing zones: 5050-5085; 5370-5390; 5407-5422; 5500-5515; and 6082-6150 ft. 
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Karlier in the year, the Humble Oil and Refining Co. and Texas Gulf 
Sulphur Co. proved the Potash dome when their Orleans Levee Board 
No. 1 was completed in salt at 1468 feet. 

Quarantine Bay.—In November the Quarantine Bay prospect, 
Plaquemines Parish, was converted into an oil field. Gulf Oil Corpora- 
tion’s State QQ-3, sec. 17, 19 S., 17 E., came in flowing 845 bbl. of 36° 
A.P.I. oil daily through a 14-in. choke with a tubing pressure of 1375 lb. 
and casing pressure of 1100 lb., from Upper Miocene sand at 8134 to 
8177 feet. 

Bateman Lake.—The fourteenth field for the year, and one of the most 
important discoveries, was on the Bateman Lake prospect in St. Mary 
Parish. The Texas Company’s Bateman Lake No. L., sec. 21, 16 83 


TaBLE 1.—(Continued) 


as eee 


A t Zone Tes 
Producing Rock ere + of re 
Neo 
ba = ad 
-2 Faye 
Fy 2 Aer Depth of 
a Name Age! 3 = aoe > so S Name Hole, Ft. 
3 = > | & & & Bw 
A 8 =] es SB | 35 
3 e | 2/se| 2 a2 
on o & 
Re Sia lat] a# [25s 
29 | Upper Marine Mio aes Mio NS] Por} 120] DS 23 | MioU 7,30033 
30 | “Fleming,” Heterostegina, Marginulina | Mio § Por 53 | D 10 | Vicksburg 9,161 
31 | Upper Marine Mio Mio S Por 34 | DS 20 | MioU | 7,894 
32 | “Fleming” Mio S | Por 31 | DS 11 | Discorbis 9,545 
33 | Discorbis, Heterostegina, Marginulina | Mio 8 Por 90 | D 11 | Vicksburg? 10,005 
34 | Upper Marine Mio f Mio 8 Por 15 | DS 16 | MioU 9,770 
35 | Heterostegina, Marginulina Mio 8 Por | [50] D 52 | Marginulina 10,750 
36 Hae Marine Mio Mio s Por 50 | DS 13. | MioU | 9,526 
37 | Marginulina Mio Ny] Por 1 geD 21 =| Marginulina 9,246 
38 | Miocene Mio S Por 45/ D 0 | Miocene 12,128 
39 | Marginulina Mio 8 Por 35 | D 10 | Vicksburg 9,000 
40 | Cockfield Eoe S| Por 10} D 0 | Cook Mountain | 6,838 
41 | Shoal River Mio iS) Por 25 | D 8 | Miocene 9,648 
42 | Upper Marine Mio Mio 8 Por 20; D 7 | Miocene 11,634 
43 a Marine Mio Mio s Por 15 | DS 12 | Miocene 5,651 
44 | Miocene Mio 8 Por Uy hg DY 5 | Miocene 8,822 
45 | Lower Miocene Mio 8 Por 20; D 1 | Heterostegina 9,501 
46 | Heterostegina Mio SS) Por 20; D 3 | Frio 8,404 
47 | Upper Miocene Mio 8 Por 30} D 5 | Vicksburg 7,236 
48 | Upper Miocene Mio NS] Por 10| D 2 | Frio 9,428 
49 | Upper Miocene Mio 8 | Por 20; D 2 | Heterostegina | 9,180 
50 | Upper Miocene Mio 8 Por 60 | DS 14 | Miocene 5,643 
51 | Upper Miocene Mio 8 Por 20; D 0 | Alazan? 11,909 
52 | Upper Miocene Mio 8 Por 30 | DS 6 | Miocene 7,300 
53 | Alazan MioL S | Por} 25] D 1 | Vicksburg _ 10,181Dr, 
54 | Upper Miocene Mio 8 Por 25 | D 0 | Marginulina 9,749 
55 | Upper Miocene Mio 8 Por 35 | D 0 iocene 9,373 
56 | Upper Miocene Mio S | Por 40} D 1 | Miocene 10,727 
57 Super-cap sand Pli $ Por 10 | DS 18 | Miocene 1,575 
58 | Upper Miocene Mio 8 Por 15 | DS |. 0 | Miocene 8,632 
59 | Upper Miocene Mio 8 Por 15) D 0 | Miocene 12,261 
60 | Heterostegina MioL S| Por 25} D 1 ‘io 9,339 
61| Sparta Eoo § Por 40 | D 0 | Sparta 9,035 
62 | Upper Miocene Mio S | Por 45 | D 0 iocene 8,177 
63 | Upper Miocene Mio 8 | Por 10); D 0 | Miocene 11,879 
64 | Upper Miocene Mio § Por 10} D 0 | Miocene 12,165 
65 1,513 
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12 E., was plugged back from 11,879 ft. and completed through perfora- 
tions in Miocene sand at 10,900 to 10,905 ft. The initial production 
was 350 bbl. of 33° A.P.I. oil daily through a 34¢-in. choke with tubing 
pressure of 850 pounds. 


OTHER DEVELOPMENTS 


The first oil producer for the Big Lake gas field was Union Sulphur 
Company’s Hebert No. 1, sec. 18, 12 8., 8 W., Cameron Parish. Com- 
pleted in the upper Miocene at 8318 to 8334 ft., the initial production was 
700 bbl. of 39° A.P.I. oil per day through a 14-in. choke with tubing pres- 
sure of 1250 pounds. 

Of the 16 wells drilled at Bay St. Elaine, two were completed in 
super-cap sands as gas producers. Because of the high sulphur content 
and high pressures encountered across the crest of the dome, exploration 
has been confined to discovery of flank production. The first producer, 
The Texas Company’s State Bay St. Elaine No. 14, sec. 20, 225., 18 E., 


TaBLE 2.—Summary of Drilling Operations in South Louisiana 


i 


Important Wildcats Drilled in 1937 


Location 
r Total | Surface 
Parish, Field Depth, | Forma- 
Ft. tion 
Sec. Twp. Ree. 
fal Acndtas lenuIngsee i. a2 cee sieniests shoe leet amen he oe 41 9S 2W 6,520 | Recent 
PulMerrebantes Las PElbOs.. acdc nce ened er ones c ein ce he saan saele 17 235 18H 7,160 | Recent 
3 | Jefferson, Lafitte.... 20 178 4B 10,942 | Recent 
4 | Terrebonne, Caillou Is...............-..-05- Dare, et EO oe 18 23S 29 E 5,097 || Recent 
6) l\dberta, New Tberia..5......---- 22+. en eter ene cae te einen 54 128 7zE 5,034 | Recent 
6 | Eberia, WausselPoint....... 6.6020. s ee ese ese ete eee nee 35 118 8E 7,157 | Recent 
71 Calcasieu, Sulphur... .... 52.2.0 eee cece cect eee ne teen tes 9 958 10 W 5,512 | Recent 
8 | Terrebonne, Dog Lake.............-000 2002s ues eee eee eee ees 5 228 16E 6,894 | Recent 
9 | Terrebonne, Caillou Is...........-.---:eece eee t escent ete 18 23S 20 E 4,910 | Recent 
10 | Lafourche, Valentine............... 220-2. c seer e eset ee tenes 8 178 20 E 5,390 | Recent 
11 | Lafourche, Valentine...........- 0060222000 recess eee renee eee 8 178 20 E 7,190 | Recent 
12 | Acadia, Jennings............- P GS BA 2 een era 42 98 2W 8,329 | Recent 
13 | Terrebonne, Caillou Is...-......-0 2.2.0 c eee cee eee 18 238 20 E 4,537 | Recent 
14 | St. Mary, Charenton........-.2.... se sce cee eee renee eee 30 138 10 EB 7,923 | Recent 
15 | Terrebonne, Caillou Is.......... De TA hea SAREE SCOP 19 238 20 E 6,648 | Recent 
16 | Cameron, Big Lake..........-.------ SP iye RR oi drei: ote 18 128 8 W 8,336 | Recent 
17 || Ascension, Darrow......-. 000-000 see ec eter teen eee ae 34 10S 2E 6,995 | Recent 
18 | Lafourche,: Valentine. ..........-60ece reese cette ees 8 175 20 E 5,515 | Recent 
19 St. Mary, Charenton. ..... 0. ccc. c2- 1 sect cee eee rere 30 138 10 E 7,923 | Recent 
20 | Caleasieu, Lockport........-00. 0. - cee eee e ee eee es 9 1058 9 W 6,937 | Recent 
21 | Cameron, EB. Hockberry........-..00+: 00s rere etter nent nes 12 128 9W 7,678 | Recent 
922 | Terrebonne, Dog Lake..........--- 02-002 0¢ seer eres neers res 5 228 16 E 6,868 | Recent 
93 | Lafourche, Valentiné.............. 566 -creeeer entertains 8 178 20 E 5,075 | Recent 
24 | Lafourche, Valentine...........-. 0.5120 s se seen see e teers sees 8 178 20 E 6,960 | Recent 
25 | Terrebonne, Lake Pelto ik Fe aa ted Av 17 238 18 E 6,594 | Recent 
26 | St. Mary, Charenton........-..----655- eae oer 30 13 8 10 B 6,305 | Recent 
27 | Cameron, Big Lake...........-00.00 002s 0 ees a 18 128 8 W 9,060 | Recent 
98 | St. Mary, Jeanerette.........--..-+-+-555: Pa et.) 138 9H 10,480 | Recent 
29 | Jeff. Davis, S. Roanoke 23 108 4W 9,151 | Recent 
30 | Terrebonne, Livette..........00.0 20 rere eee eect e nent eee 32 198 19 BE | 12,165 | Recent 
31 | Vermilion, Abbeville.........-..- 66 128 3E 11,909 | Recent 
32 | St. Mary, Jeanerette...........- 40 1358 9E 10,480 | Recent 
33 | Terrebonne, Lake Pelto 17 23S 18 E 6,605 | Reentt 
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Terrebonne Parish, flowed 1000 bbl. of 30° A.P.I. oil per day through a 
3g-in. choke with tubing pressure of 580 lb. Production is from broken 
Miocene sand found from 5520 to 5643 feet. 

The first test in the Henderson area to encounter salt was The Texas 
Company’s St. Martin Land Company No. 9, sec. 21, 8 S., 7 E., St. 
Martin Parish. The top of the salt was reported at 8848 feet. 

The presence of a salt dome at the Marchland prospect was proved 
when William Helis’ City of New Orleans No. 1, sec. 19, 23 S., 23 E., 
Lafourche Parish, was drilled into salt at 7465 ft. 

The fifth salt dome discovered this year was on the Timbalier Bay 
prospect. Gulf Oil Corporation’s State PP-3, sec. 36, 23 S., 21 E., 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1937 


Tuitial 
Production yey ty 
per Day | Choke nthe 
Deepest oF Produci 
roduci 
Horizon Drilled by and Farm ‘ Gas, ee Depth © 
Tested we ad tions of Cea Tati 
. 8. | lions ‘asing | Tubing 
Bbl. | Gu. | Zeb 
Ft. 
1 | Marginulina Superior-Heywood No. 1 540 1464 | 1,250 | 1,200 | N.S. 6,460-6,520 
2 | Miocene Texas-State No. 15 145 y 110 | N.S. 5,420-5,465 
3 | Miocene Texas-Milling No. 1 1,550 34 2,000 | N.S. 10,030-10,110 
4 | Miocene Texas-State No. 31 1,018 36 710 | N.S. 5,062-5,097 
5 | Miocene Texas-Hanazen No, B-3 900 34 650 | N.S. 4,812-4,888 
6 | Miocene Texas-State No. 2 55 34 0 | N.S. 6,384-6,430 
7 | Lower Miocene | Sulphur-Fee No. 821 500 4 760 | N.S. 5,496-5,512 
8 | Miocene Texas-Dog Lake No. 4 1,516 36 1,320 | N.S. 6,870-6,877 
9 | Miocene Texas State No. 46 1,156 y 625 | N.S. 4,871-4,913 
10 | Miocene Pan-Am.-Harange No. 2-A 624 5g 770 720 | N.S. 5,370-5,390 
11 | Miocene Pan-Am.-Harange No. 4 625 M6 820 785 | N.S. 5,407-5,422 
12 | Salt Superior-Leckelt No. 2 148 1264 950 350 | N.S. 5,780-5,790 
13 | Salt Texas-State No. 47 235 v 990 | N.S. 4,327-4,382 
14 | Miocene Pan-Am.-S. Coast No. 1 625 \% 700 800 | N.S. 7,908-7,923 
15 | Miocene Texas-State Terrebonne No. 3 513 46 1,860 | N.S. 6,620-6,648 
16 | Miocene U. Sulphur-Hebert No. 1 700 4 1,250 | N.S. 8,318-8,334 
17 | Miocene Humble-Landry No. 1 744 14 1,375 | 1,290 | N.S. 6,985-6,995 
18 | Miocene Pan-Am.-Harange No. 5 641 4 1,225 | 1,110 | N.S. 5,515 
19 | Miocene Pan-Am.-South Coast Corp. No.1] 384 Hoe | 1,155 100 | N.S. 4,955-4,980 
20 | Marginulina Magnolia-Wolf Friedburg No. 6 325 4 1,225 N.S. 6,917-6,937 
21 | Miocene Texas-State No. 22 700 4 1,125 | N.S. 7,630-7,677 
22 | Miocene Texas-L.L.E. No. 5 1,480 36 1,150 | N.S. 6,836-6,868 
23 | Miocene Pan-Am.-Harange No. 7 514 2864 y | N.S. 5,050-5,085 
24 | Miocene Pan-Am.-Harange No. 9 432 Y 590 | 150 | N.S. 6,082-6,150 
25 | Miocene Texas-State No. 17 1,216 y 845 | N.S. 6,440-6,475 
26 | Miocene Pan Am.-Veder-Hunt No. 1 240 Y% 50 | 275 | N.S. 3,940-3,948 
27 | Basal Miocene | U. Sulphur-H. Hebert No. 1 100 4 350 | N.S. 9,040-9, 
28 | Lower Miocene | Herton-Banta and Roanes No. 1 400 4 3,200 | N.S 10,412-10,424 
29 | Marginulina U. Sulphur-T.R.S. Farm No. 1 50 | 2.7 eo y | First oil i 
8,560-8, 
30 | Miocene Humble-Ellender No. 1 21] 1.8 as y y | N.S. 10,517-10,530 
31 | Alazan Continental-Brookshire No. 1 366 Me | 2,500 | 1,800 | N.S. 7,884-7,890 
32 | Lower Miocene | Herton-Banta and Roans No. 1 180 Keo 3,200 | N.S. 1 
33 | Miocene Texas-State No. 13 910 N.S. 


Number of wells drilling Deo:81) 1087... 5.0d /.01s ovivinsede seen, 88 25 
Number of oil wells completed during’ 1987. sccnis aed eke 257 14 
Number of gas wells completed during 1937........0.. 0) 10 0 
Number of dry holes completed during 10872) cases en 128 49 
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Lafourche Parish, encountered salt at 7741 ft. This well indicated it 
would open up a new field when two drill-stem tests showed commercial oil. 

The Jennings field, Acadia Parish, was the most active area during the 
year. Prolific production has been developed on the southwest flank 
from sands of Marginulina age. This discovery has stimulated interest 
in the other shallow domes in that area. 

New sands were found at Darrow, Ascension Parish; Valentine, 
Lafourche Parish; Charenton and Jeanerette, St. Mary Parish; Lockport 
and Sulphur, Calcasieu Parish; East Hackberry and West Hackberry, 
Cameron Parish; Dog Lake, Caillou Island, and Lake Pelto, Terrebonne 
Parish; Big Lake, Cameron Parish; Jennings, Acadia Parish; Lafitte, 
Jefferson Parish; New Iberia and Fausse Point, Iberia Parish; and Cank- 
ton, St. Landry Parish. 
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Oil and Gas in Michigan during 1937 


By Turron Wasson,* Memper A.I.M.E. 


(New York Meeting, February, 1938) 


Micuiaan produced 16,637,000 bbl. in 1937. This makes it a record 
year in the history of Michigan’s oil industry. During the year 953 wells 
were completed; 779 within the limits of established fields and 174 wild- 
cats; 616 new oil wells, 68 gas wells and 269 dry holes. 

Table 1 has been arranged in alphabetical order of field names. Pro- 
duction figures for 1936 have been corrected because December figures 
were estimated. In this year’s summary, December production is based 
on actual reports. The Leaton and Mt. Pleasant fields have been 
re-defined. Mt. Pleasant production north of the south line of Denver 


township, Isabella County, has been included with Leaton in accordance | 


with usual practice in Michigan. The locations of fields discovered since 
the last map was published! are shown in Fig 1) 


ACTIVITY DURING 1937 


Buckeye Field.—The Buckeye field of Gladwin County was the center 
of greatest activity during the year and was responsible for the increase 
of 4,700,000 bbl. over the state total for 1936. Buckeye produced 6,428,- 
000 bbl. in 1937. In this field 328 producing wells were completed during 
the year—over one-half the oil producers drilled in the state. Buckeye 
was subject to voluntary and cooperative proration from April 1 to the 
end of the year. Other pools of the state were not prorated. The new 
production at Buckeye is from porous Dundee limestone of Devonian age, 
similar to the older fields. 

Other New Fields.—The Sherman field was second in importance as a 
source of new production, with a total of 1,532,000 bbl. Salem township, 
Allegan County, on the southwest side of the Michigan Basin, was devel- 
oped during the year. Production at Salem is from the Traverse lime- 
stone at a depth of 1600 ft., and 52 producing wells have been drilled in 
this pool. Other active pools were Clayton and Adams townships, Arenac 
County. The Bentley pool, discovered in October 1937 southeast of 


Summary presented at the meeting; manuscript received at the office of the 
Institute March 25, 1938. 


* Chief Geologist, The Pure Oil Co., Chicago, Ill. 
' Trans. A.I.M.E. (1936) 118, 299, 
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Buckeye, has not had enough development to justify an opinion as to its 


size, but its location on a trend from Buckeye may indicate an area of 
production similar to that pool. 
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Old Fields. —The old pools of Midland and Isabella Counties continued 
to produce from many pumping wells. The Yost-Porter area had some 
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new development on inside locations. As shown by Tables 1 and 2, these 
old fields, now 6 to 10 years old, continue to produce remarkably well. 
The West Branch area of Ogemaw County continued active; 58 new 
producers were drilled. Oil is produced from the Traverse and Dundee, 
mostly the latter. It is black and of lower grade than that from 
other fields. 

Gas Fields.—The Six Lakes field, which was completely outlined 
in 1936, is Michigan’s greatest gas area. During the year, 20 new 
wells were drilled, bringing the total for the field to 226 producers. 
Two pipe-line systems gather and transport gas from this field to Saginaw, 
Bay City, Lansing and Grand Rapids. 

Among the older gas areas, the Vernon field continued to produce and 
market considerable gas. 


TaBLE 1.—Oil and Gas Production in Michigan 


a aa eee 


Area Proved, Acres Total Oil Production, Bbl. 
Field, County 
Daily 
on To End of| Duri Darga 
: 'o End o} uring ring | age 

: SOR Land. Ges lee aay 1936 1987" | during 
2 Ss 1937 
2 Ss 
s a 

1 0 0} 400 13,414 0 13,414 110 
2 0 0} 580 466,491 282,190 160,814 255 
3 0 0} 2,500 7,339 0 7,339 55 
4 0} 2,200) 2,200 0 0 
5 0 0} = =300 136,122 63,548 36,315 55 
6 0} 4,100} 4,100 0 0 
7 0 0} 6,030] 6,438,774 10,475) 6,428,299] 25,073 
8 0} 320 320 0 0 
9 0 0} 3,400} 1,088,132 58,465} 1,029,667] 2,368 
10 | Crystal, Montcalm.................. 244] 1,980) 200) 200} 2,380) 6,630,977) 2,452,906 572,807| 966 
ll Edmore, MM ontoGl a. omic cunt 4 0 160 0 160 332,110 80,816 39,586: 103 
12 || Gratiot; Gratioty, 2 ecu no wee 11 0 0| 400) 400 0 0 
AS bi att: Oceariane cae ih oe nae a] 5 0 0 0 0 116,275 0 0 0 
14 | Leaton, Isabella.................... 8 2,100 0} 480} 2,580] 2,234,323 356,746 287,804} 708 
15 | Muskegon, Muskegon. Soa thins viet ea LO. 0} 2,700 0} 2,700] 6,508,195 92,629 77,466 216 
16 | Mt. Pleasant, Midland-Isabella....._ 10 0} 8,000 0} 8,000) 19,670,606 888,265 801,133) 1,646 
17 | New Haven, Gratiot.................} 2 0 0} 2,400} 2,400 0 0 
18 | Porter-Yost Clark, Midland.....__ 6 0} 8,100 0| 8,100) 30,347,438] 6,245,204] 3,865,049 6,665 
19 venna, Muskegon................ 1% 0 0} 4,320} 4,320 0 0 
20 | Saginaw, Saginaw............... 13 1,800 0 0} 1,800} 1,273,333 27,146 24,810 61 
21.) Salen, Allegan cae ade ane ee 84 0 0} 840 415,664 0 415,664] 2,532 
22 | Sherman, Isabella................ 1%! 1,150 0 0} 1,150} 1,564,573 32,261] 1,532,312] 6,049 
23 | Six Lakes, Mecosta-Montcalm.....___ 0 0} 10,120) 10,120 0 0 
24 | Vernon, Isabella.............:4,.... 8 1,100 0} 880} 1,980} 3,533,838 468,804 396,590} 793 
25 | West-Branch, Ogemaw 4 5,000 0 0} 5,000} 2,301,595 771,872 861,848] 2,302 
26 | Miscellaneous,..... . 215,056 103,541 86,427 
27 Lota) 3 Patents cca hea ey ee 27,180) 19,160: abt 71,760) 83,294,255] 11,934,868) 16,637,344 49,957 


@ Footnotes to column heads and explanation of symbols are given on page 313. 
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The Ravenna field, Muskegon County, is unique in being the only 
gas field in Michigan producing from the Berea sandstone of Mississippian 
age. In this field, 21 new producers were drilled during 1937. No new 
gas fields of importance were discovered. 


EXPLORATION 


Most of the exploration for new fields has been confined to shallow 
drilling for structural markers in areas where the glacial drift is from 
200 to 700 ft. thick. Geophysical work done in the past has not been 
very successful in these drift-covered areas. During the year some 
gravimeter and resistivity surveys have been made. All the important 
wildeats drilled in 1937 were in the southern half of the basin. The 
northern half of the Michigan Basin remains practically unexplored. 
Deep drilling done during the year has not discovered new produc- 
ing horizons. 


TABLE 1.—(Continued) 


Oil Pro- 
Total Gas Producti Depth, A nie 2 Lb. 
otal Gas Production, : epth, Average eth- ressure, Lb. 
Millions Cu, Fé Number of Oil and/or Gas Wells SUES Basine pena, 1a 
End of 
1937 
: Num- 
as At End of 1937 ber of Average at 
1937 Wells Joe 
ao} 
A Bottoms] To Top 
: gq |e s of Pro- of Pro- 
© ~ |AS+= >a 6 uctive | ductive 
4 6 & | 3s ge gy |B SES] wy |e }om| 2] Wells | Zone ei 
g) S ~ | 3 | sl s|3|S|80| Be -esles| 8 we | 2 1936 | 1937 
a ge | 21 8 ap Es 2 2las| 2° ezleal az 2 || 3 
g|/Ss 8 | 8 | 58) S| 8] seal Se BEES] Se 2|8) = 
Bis eo Als poo) CO] Sie |e ie Sle | E |e) 4 
1 0 0 0| 0 5} 5) 0} 0 5 | 0 0 5 2,039 2,020) 1 4 2 fc x 
2 0 0 0| 0 28| 6) 1] O 27 | 0 O| 27 3,160 3,142) 0 | 27 a z x 
3 0 0 0| 0 3), -3)| 0] 0 our. 0 3 3,532 3,497] 0 3 a x z 
4| 3,446] 1,188) 1,224) 0.5 27| O| 3] O 0; 0 19 19 1,410 1,390} 0 0} 502) 425 y 
5 ; 0 28} 1) O| O 28 | 0 0} 828 1,546 1,529} 0 | 28 a x z 
6| 4,958] 877) 658] 2.2 54) 0} 2) O 0} 0} 47) 47 1,350 1,300) 0 0} 550} 300 y 
7 0 332/328) 6] 20} 326] 0 0} 326 3,627 3,599|/8le |245 2 2 
8| 12,642) 241) 243] 1.4 9} 2) O| 0 0.0 9 1,413 1,408] 0 0} 605] 400 y 
9 0 0 40| 38) 2| 7 31 0 Oo 31 2,576 2,534; 0 | 31 & x x 
7 G oat] & 1016) 0 | zelc.a4sic.425 
148 43) 0.2 239| 22) 64) 1 8 | 0 9 87| G. 1, nes i i y 
» a G. 1,330} G. 1,325 
11 36 8 12] 0.3 13\) 0) 0) 0 8} 0 4 12} O. 3,112} O. 3,108) 0 8} 900 x x 
12 4 0 0| 0 3} 0] OF 3 0; 0 0 0 510 500| 0 0 az, z z 
13 0 0 0| 0 17; 0; O| O 0; 0 0 0 1,890 1,880) 0 0 x z £ 
' G. 1,243] G. 1,239 
14 131 57 61) 0.34 90| 7| 12) 0 64 | 0 4 68] O. 3,681) O. 3,644| 0 64| 550 y|G.395 
1 6,569} 263] 174] 0.79). 411) 0} 18) 0 91 | 10 11} 112 2,075 2,050) 0 | 91 2 x z 
16 2,032| 671) 504) 1.6 | 440) 11) 23) 0 100y|170y| 0} 270 3,573 3,542) 0 |270 y y y 
17 691) 179) 512) 2.4 47| 12} 0} 0 0; 0 47| 47 975 950} 0 0} 448) 425 y 
18} 2,862} 911) 144/ 2.6} 513 30] 25] 0| 353 | 73 0| 426 3,434 3,422} 0 |426 0 z z 
19 477| 41] 4386) 1.6 27| 21) 0} O On RON 2a) 27) 1,233 1,212) 0 0| 720) 682 y 
20 0 0 0| 0 282' 0 10 O 55 0 0; 55 1,850 1,820) 0 | 55 fe £ z 
21 0 0 0| 0 52, 52, 0] 0 52 0 0 52 1,601 1,587) y y z y y 
8 9) o,167| 4.58818 lon sl og | o| 0| 228 258) 1300 tars 0 | ol 51s] 475| 
, 242) 20. 5 0 ' , 
eee als : 0.3744 6.3741] 0 | 44) 875 310 
1} 3} 9) 0 44 0 10} 54) 0.3, . 8, 7] 
24| 1,133; 124) 143) 0.79) 9 - 1810 . 1800 ae 
0,0 252| 58) 17) y | 213 0 0} 213) D. 2,70' ee a £ z 
3B ‘ 21! 2) 0} 0 20; 0 0} 20 0 | 20 x bs x 
27 | 42,283] 6,870) 8,692 34.3 | 3,330 a oe 31 | 1,550 |253 | 414) 2,217 
Ce eee 
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Ort PRIcES 


Oil prices were subject to some reductions during the year. In 
January 1937, Midland grade crude and Buckeye were $1.42 per barrel. 
At the end of the year Midland was priced at $1.27, Buckeye at $1.2414 
and West Branch at $0.80. 
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Character of Oil, Deepest Zone 
Approx. Average Character Producing Rock Tested to End 
during 1937 of Gas, of 1937 
Approx. 
Average 
during 
Gravity A.P.I. 1037 
at 60° F. >= 
# of Name Ages ge BR x| Name 
3 g 5 a 2 §A4 on s 
Baelss| | (80 2 Pe eel 8 hae si 
2|2| 2 (eege| | fe s |B/28| & |gae = 
2/2 | 8 (SESs| $| alas S|e\38| 2 |8tz Bs 
Be] s Eta a] ols S lajat| a jase am 
1} y| y [37 ly 12 Traverse Dev} L |Por| 15 A 1 | Traverse | 2,059 
2) y| y [42 |0.16) P Dundee Dev} L |Por| 15 A 14 | Dundee 292 
3} yy! y |41 0.41] P Dundee Dev| L |Por] 21 A 1 | Dundee | 3,685 
4} 0] 0]0 |o O | 1,051/0.25| Stray-Marshall Mis S |Por} 10 A 9 | Monroe | 4,042 
5| y| y |42.4/0.25) P Berea Mis 8 | Por! 18 A 11 | Dundee | 2,760 
6) 00). O10 O | 1,060]y Stray-Marshall Mis S | Por 5 A 19 onroe | 3,788 
7! y| y [86 |0.27) P undee Dev| L |Por} 91] A 26 | Dundee | 3,822 
$1.07} 01.0 0 O | 1,042\y Stray Mis S |Por| 5 A 7 | Monroe | 4,055 
9} vy} y [84 |0.69} P uly Dundee Dev| L |Por} 12.5) A 12 | Dundee | 2,707 
G Stray-Marshall | Mis 8 G.5 
10| y| y |42.4/0.52) P| 1,044\y O..Monroe Dev D | Por| 0.5 A 42 | Monroe | 3,520 
G.Stray-Marshall | Mis 8 G.5 
11] y| y |43.2/0.11] P uly O.Traverse Dev} L | Por] 0.4 A 8 | Monroe | 3,700 
12} 0/ 0/0 0 Pr u|0 Parma Pen S |Por} 10 |MCY] 12 | Dundee |3'100 
13) y|] y [84 |y P Traverse Dev| L | Por 4 A 12 | Dundee | 2407 
Stray-Marshall | Mis | § G.4 t 
14} y| y /43 |1.50) P uly ee Dev » Por} 0.7.5} A 38 | Monroe | 4,390 
15| y | y |87.4/0.35] P | 1,032/1 Monroe Dev; D |Por| 10 A St. 
16} y| y|42 |0.02] P|’ y/2 | Dundee Dev| L |Por| 15 | A 30 Se aeeL 
17] 0} 0/0 [0 |0/1,000\y | Stray-Marshall |Mis} S |Por| § | A 8 | Dundee | 3,657 
18| y| y 42 |0.30/ P|" yl2 | Dundee Dev|_L_|Por| 15 | A | 34 | Monroe |3'677 
19] 0/ 0/0 |o |O] ss5ly | Berea Mis |S&D|Por| 10 6 | Dundee | 2'306 
20] y| y {43 |0.25] P Berea Mis} § |Por| 16 | A Sylvania | 3/970 
21) y| y {41.5ly P uly Traverse Dev| L_ | Por 8 A 13 | Dundee | 1950 
22| y| y |47.8/0.39] P| 010 | Monroe Dev} D |Por| 6 | A | 10 | Monroe |3'763 
23/ 0} 0/0 |0 |0/1,040ly Stray-Marshall Mis | S$ |Por) 16 | A | 14 | Monroe | 3,529 
Stray is 
24) y| y |44 10.30] P| 1,046ly O.Monroe Dev} L | Por 2 A 38 | Monroe | 3,907 
Traverse T 5 ‘ 
25) y| y |86 |0.03} P 00 Dundee Dev| L_ | Por| D20 A 16 | Sylvania | 5,404 
a y Yly ily P yy y y y Por y y y |y 
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TABLE 2.—Summary of Drilling Operations in Michigan 


Important Wildcats Drilled in 1937 


Location 
“ e Surface Heil oa 
County epth, F A orizon 
Sec Twp Ree. EN Ormation | Tested 
a eee ba omc ae APRS Bo nae ae ae 16 4N 13 W 1590 | Pleistocene | Traverse 
CLADE penne tO coe aa dine wate & 29 1N 13 W 1360 Pleistocene | Traverse 
MEAD MO or cit ceria pe ik. vaste tiaras siete ae See eee Teas iil alte 26 19 N 3E 2044 Pleistocene | Traverse 
ABIPACERAG HR Mee Catce wtariy ters ano Rer e araacaa dre Senneale 25 19 N 3E 2002 Pleistocene | Traverse 
babMomtoalin tc, Ssnteetn ah sss cite tengee ianees fay. 13 10 N 5 W 3224 Pleistocene | Dundee 
(hi CALA by i hot Ai eet) oan ie crete aerial cnte 29 17N 2H 3525 Pleistocene | Dundee 
7f VAR EEN ON RATS epee ois tou cICeI RENEE tue eee ene 10 17N 1E 3642 Pleistocene | Dundee 
OU ELENG Kiptile Gt 20h Obtain eee ee ee 11 19 N 15 3542 Pleistocene | Dundee 
CONTECH SS aoc: sot AES SNe eae a eae 23 15 N 5 W 3807 Pleistocene | Dundee 
MOI eh WOMEN ARS Pe Bert a3. ¢ cioverh Seiwiste eacteuernse eR ee. 8 ee 29 15 N 6 W 3751 ‘| Pleistocene | Monroe 
il | SECT 7s Aramco didn Sagome I MeAd ee sino SenaEaee 5 11N 2E 2130 Pleistocene | Berea 
(MSD TT On Steet rar ean en Sane, eS ae 1 NN 1H 3197 Pieistocene | Dundee 
Sennett re a eee ee ee es 
Important Wildcats Drilled in 1937 
Initial Production Pressure, Lb. 
per Day Choke | per Sa. In. 
or 
a Bean, 
Drilled by Oil, Gas, [in Frac- Remarks 
U.S. |Millions|tions of | Casing | Tubing 
Bbl. | Cu. Ft./an Inch 
1 | Robert C. Lentz 20 0 y y y Discovery well, Salem field; 
2 | Jas. E. Flanigan and 14 0 y y y Important oil show leading to increased activity 
F. W. Kehlet in southern Allegan County 
3 | E. H. Linabury 14 0 y y y Discovery well, Adams-Arenac field 
4 | E. H. Linabury 65 0 y y y Further confirmation of commercial Traverse 
f production in Adams township 
5 | BushnellOil& Gas Co. 350 0 y y y Extension of Crystal field to southeast 
6 | H. J. Hand rege i oil 0 y y y Discovery well, Bentley field 
in hole 
7 | McClanahan Oil Co. | 1200 ft. oil 0 y y y Important discovery between South Buckeye 
in hole and Bentley fields ‘ 
8 | Whitehill, Clovis, & | 2800 ft. oil 0 y y y Important test in Secord township 
Drury in hole y é 
9 | Boston Oil & Gas Co. ane fi oil 0 y y y Important test in Nottawa township 
in hole 
10 | Ward J. Blunt 0 5 (est.) y y y Dundee dry hole. Encountered 5 million cu. 
ft. (est.) gas in Marshall 
11 | Mid-West Pet. Co. 8 0 y y y Small Berea producer _ ‘ 
12 | Bond Oil Dev. Co. Seats oil 0 y y y Small Dundee producer in Saginaw County 
in hole 


22 | et ee eee eee 
NN 


In Proven Fields} Wildcats 


Number of wells drilling Dec. 31, 1937.......... 0-00-02 sees essen teens 48 37 
Number of oil wells completed during 1937............-..---.0ssse eee es 602 12 
Number of gas wells completed during 1937..............---.22+0ss essere 66 2 
Number of dry holes completed during 1937..............-.2+0 0 esse eeeees 109 160 
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Oil and Gas Development in Mississippi during 1937 


By Henry N. Toier* 


(New York Meeting, February, 1938) 


Activity in the search for oil and gas in Mississippi was greater than 
it had been for several years. Interest manifested and exploration work 
in wildcat areas were at an all-time peak. Drilling activity in the state’s 
two proven fields continued to decline; there being only four wells drilled 
in the Jackson field during the year. At the end of 1937 it seems very 
likely that 1938 will be a big year in the search for oil in Mississippi. 


Drituine ACTIVITY 


Jackson Gas Field.—The four wells drilled in the Jackson field during 
1937 resulted in three producers and one dry hole. Nine producing gas 
wells were abandoned during the year because of salt-water encroachment. 
The total production for 1937 was 14,248,000,000 cu. ft., which was a 
billion and a quarter increase over 1936, the highest year prior to 1937. 
The grand total produced from the field is 72,341,000,000 cu. ft. of gas 
and over 15,000 bbl. of oil. The three wells that had produced oil the 
past few years were also abandoned during the year because of the small 
quantity of oil and the large volume of salt water. 


TABLE 1.—Oil and Gas Production in Mississippi for Year 1937 


Total Oil ; . Depth 
* Total Gas Produetion, Number of Oil and/ 
Area Hegre, | eredaeton,. |. nitions Oa TE. or Gas Wells oe 
During | At End 
4 1937 of 1937 
Field, County 
> 
= 3 
ra 3 2\eo 
ie iol us a |. . ° 
z aS Zs fe | Es | Ze | fy EFSE| a | Solel 22 lee 
g ia a | 25 [688s | £8 | £5 feelea| & 5 lsalgeiss |&s 
ot #7/8| § | & | 8% [84 | 25 | ae | &* [Sela] 8 | 8 ESlet| ss |28 
1 Amory, Monroe 12 | 0} 640) 640 0 0| 1,461 36 30] 14} 44) 0} O} 1] 1 | 2,402] 2,393 
Jackson, Hinds, J , 
2| Rankin...... 8 |100) 7,500) 7,600/ 15,444) 2,000| 72,341] 12,968] 14,248/60 | 142) 3 | 12 | 90 | 90 2,436] 2,426 
ee 


Manuscript received at the office of the Institute Jan. 26; tables, March 24, 1938. 
* State Oil and Gas Supervisor, Jackson, Miss. 
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The State of Mississippi’s Fee Well No. 2, which was started in the 
latter part of 1936, was drilled to a depth of 5530 ft. to be the deepest well 
drilled in the Jackson field. No oil or gas was found below the Selma 
chalk, the regular producing horizon of the field. Below 3300 ft., which 
was the depth of the well at the end of 1936, the formations consisted of 
red, gray and dark shales and red and gray sandstones. Thin sills of 
igneous rock were penetrated at several points from 4400 ft. to the total 
depth. Igneous rock had also been penetrated from 2945 to 3007 ft. 
and from 3026 to 3205 ft. The age of the red section below 3300 ft. is 
considered to be Lower Cretaceous—Trinity in age. The well was 
plugged back to 2470 to 2480 ft. and completed as a gas well from the 
regular producing horizon. The State now has five producing gas wells 
on its property in the field, as the result of the State’s drilling program of 
late 1936 and 1937. 

Amory Gas Field.—The production from the Amory gas field continued 
to decline, and was only 30,000,000 cu. ft. in 1987. Total production 
from the field is 1,461,000,000 cu. ft. No wells were drilled in the field 
during the year and only one well continues to deliver gas to the pipe line. 


Activity OuTsIpE PrRovEN FIELDS 


There were 19 wildcat wells abandoned during 1937, the deepest one 
being 6588 ft. None of these wells discovered new fields, but some of 
them were important in that they discovered salt domes or other types of 
structures or had showings of oil or gas. The information obtained from 
some of these wells will serve as a basis for future testing. 

The Sun Oil Company’s Scanlan and Semmes Well No. 1, which had 
discovered Mississippi’s first salt dome at the end of 1936, was abandoned 
early in January 1937, at a depth of 4024 ft. in salt. The Sun Oil Co. 
drilled and abandoned three other wells on this dome: the Talley No. 1 


TaBLE 1.—(Continued) 
I 


ter of Oil, | Character of Deepest Zone 
Pressure, Lb, oo Aechies Gas, Approx. Producing Rock Tested to End 
per Sq. In. during 1937 Average of 1937 
during 1937 
Average | Gravity 
at End I. at 
of 60° F ~ 8 
cs 
ag 
te 2 aa 
A, Name | Ages gm Eyer Name 
he vo Poo 
3 : 2s Ble beel = [SEs “ 
1936|1937 e| - 8 Fig |e 8/5188) § |g se SF 
|g Peale Eeize| | 8 | Ea Pee aes) les 
ef In . 0 D ey pe Pes »Y > (=| iS) 
le g/g [E<(24| 2] 26 | 3 a| EB4| & 254 ES 
1 0} o| 0} 0 | 0 | 1,000 0 |Hartselle| Mis |S| 10) 8|MU-| 3 | Fort Payne | 3,045 
2 | 1,010] 930] 915/14) 14) 14 | 0 A| 945 | Dry | Selma CreU | C | 30) 15 | D 54 | Trinity 5,530 


4 Footnotes to column heads and explanation of symbols are given on page 313. 
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at 2015 ft., in cap rock; the Talley No. 2 at 3034 ft. in cap rock (anhydrite) ; 
and the Talley No. 3 at 6588 ft. in cap rock (anhydrite). In the Talley 
Well No. 3 a significant discovery was the finding of 152 ft. of sand com- 
pletely saturated with asphalt from 5643 to 5795 ft. Some thinner sands 


TABLE 2.—Summary of Drilling Operations in Mississippi 


Important Wildcats Drilled in 1937 


Location 
Total Deepest 
County |—_—-_——————|Depth, sear ith Horizon Drilled by Remarks 
Sec. | Twp. | Rge rs ao 
1 \tAmite...5.5 29} 4N| 2E | 5,224 | Miocene Wilcox - As Wemple, | Dry 
Tus 
2 | Bolivar..... 2 | 24N} 7 W/ 6,009 | Recent Alluvium| Paleozoic “ties Petroleum | Dry 
0. 
3 | Franklin....| 18 | 5N | 3 E | 5,011 | Miocene Wilcox F. E.Courson et al. on tne gas at 
4/George.... 9} 18 | 8 W) 4,692 | Miocene Midway or Wil- | Cleve Love et al. ~~ Junked the 
cox ole 
5 | Hancock....| 17} 9S | 14 W | 2,502 | Coastal Terrace | Miocene American Sulphur | Dry 
Deposit Co. 
6 | Hinds....... 12| 5N]} 4W /3,012 | Vicksburg Wilcox ~ = Chichester | Dry 
et al. 
id NGS pees 35 | 6N| 4 W | 4,346 | Catahoula Salt Southern Natural | Dry. Show gas in 
Gas Co. a rock at 2910 
t. 
8 | Lamar...... 28 | 4N | 15 W | 4,024 | Miocene Salt Sun Oil Co. Dry 
9 | Lamar...... 28 | 4N | 15 W | 2,015 | Miocene Cap rock (lime) | Sun Oil Co. Dry 
10 | Lamar...... 33 | 4N | 15 W | 3,034 | Miocene a oe (an- | Sun Oil Co. Dry 
ydrite) 
11] Lamar...... 33 | 4N | 15 W | 6,588 | Miocene Cap rock (an- | Sun Oil Co. Dry. All Creta- 
hydrite) ceous sands car- 
Tying asphalt 
12 | Lauderdale..| 34 | 7N | 15 W | 1,580 | Wilcox Selma chalk R. E. Dalton et al. | Dry 
13 | Madison 1) 8N| 2W/]|5,034 | Jackson Selma chalk Sun Oil Co. Dry 
14 | Perry 2 | 2N | 10 W/|3,027 | Miocene Claiborne F. E. Courson et al.} Dry 
15 | Wilkinson.... 1] 2N | 2 WJ 45,016 | Miocene Claiborne ce Carnahan et | Dry 
al. 
16 | Wilkinson... 4| 3N] 1E | 4,048 | Miocene Claiborne Charles Green et | Dry. Show of oil 
4 al. at 2378 to 2385 ft. 
17 | Wilkinson...| 382 | 4N | 2W/3,815 | Miocene Claiborne A. B. Taylor et al. | Dry 
18 | Wilkinson...| 34 | 4N]| 1W|5,559 | Miocene Wilcox A. B. Taylor et al. | Dry 
19 | Yalobusha..| 26 | 24N] 6E | 906 | Wilcox Midway (?) Skuna _Develop- | Dry 
ment Co. 
ee 
oo SFSFSSFSFSSSSSSSSSSSSsesesesessssssmsSsSsSsSsSsSsSs 
In Proven Fields | Wildcats 
Number of wells drilling Dec. 31, 1987.............-..ccccseseveccesee. 0 15 
umber of oil wells completed during 1987.............................. 0 0 
Number of gas wells completed during 1987............................. 3 0 
Number of dry holes completed during 1937............................ 1 19 


below this depth also carried asphalt. This definitely proves the existence 


of petroleum source beds in this section of Mississippi. This asphaltic — 


sand was found just below the Selma chalk; probably it is Eutaw or 
Tuscaloosa in age. It is possible for either of these formations to be 
reached with the drill and be in a position to produce oil or gas in an area 
covering over two-thirds of the state. The Sun Oil Co. is now drilling 
a fifth well on this dome, the Talley Well No. 4, at the depth of 7643 feet. 

Another very important discovery was that made by the Southern 
Natural Gas Company’s Angelo-Williams Well No. 1, sec. 35-5 N.-4 W., 
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Hinds County, when salt was encountered at 3026 ft., thus discovering 
the second salt dome in Mississippi. This well was abandoned at 4346 ft. 
in salt. Several other tests on this dome are to be made in the immedi- 
ate future. 

These two salt domes are widely separated and it seems that there 
may be a big basin in south central Mississippi in which many salt domes 
and other types of structures will be located. In addition, other struc- 
tures have been indicated by some of the wells drilled or now drilling. 

Geophysical work was greater in Mississippi during 1937 than at any 
other time. About 20 parties were working continuously or at some time 
during the year. This work was scattered over many sections of the 
state, the greater amount being done in south central and south Missis- 
sippi. It is indicated and reported that many salt domes and other 
types of structures have been located by geophysical work. This remains 
to be determined definitely by drilling. 

Leasing has kept pace with the drilling and other exploration work, 
with about 50 blocks of acreage having been taken during 1937. There 
are approximately 4,000,000 acres now under lease to major companies 
and a few independent operators. 

At the end of 1937, fifteen wildcat wells were drilling in the state, some 
of which will be deep tests. It now appears that 1938 will be the biggest 
year yet experienced in Mississippi in the search for oil and gas. 


Development of Oil and Gas in Missouri in 1937 


By Frank C. Greenr* 


(New York Meeting, February, 1938) 


Missouri has had one of the best years in history in the development. 


of gas, the 49 completed gas wells having an average of nearly 1,000,000 
cu. ft. initial open flow. Altogether 101 wells were drilled in the western 
part of the state, from Andrew County on the north to Vernon County on 
the south. Of these 49 were gas wells (including four old wells drilled 
deeper) with an initial open flow of 48,850,295 cu. ft., eight were oil wells 
(including one old well drilled deeper) with an initial capacity of 125 
bbl. per day and 44 were dry holes (including five old wells drilled 
deeper). All the oil wells were in previously discovered pools in Jackson 
and Cass Counties. 

The outstanding discovery was a “‘ shoestring” of a sand that is termed 
the Bartlesville, trending northwest and southeast across townships 48 
and 49 N., R. 32 W., in central Jackson County. The sand is believed to 
be a narrow channel or bar, probably not over 800 ft. wide, lying at a 
higher horizon than the Bluejacket or true Bartlesville sand. A total of 
32 wells with 47,453,080 cu. ft. initial open flow has been completed along 
the 6 miles of the shoestring. The largest individual well had an open 
flow of 4,500,000 cu. ft. The depth of these wells ranges from 350 to 
635 ft., depending on surface elevation. The rock pressure ranges from 
145 to 169 pounds. 

The Missouri Valley Gas and Oil Co. and Panhandle Eastern Pipe 
Line Co. have laid pipe lines into the area and most of the wells are 
now connected. 

In other parts of Jackson County and in other counties of the state 
there was very little activity during 1937. Of the 101 completions, 88 
were in Jackson County. Cass County had five oil wells and three dry 
holes, Bates County one dry hole and Vernon County two dry holes. In 
the northern counties, Andrew and Clinton were represented by one dry 
hole each. 

At the end of 1937 drilling and leasing operations were very active and 
wildcatting promises to feature the coming year. 


Manuscript received at the office of the Institute Jan. 26, 1938. Published by 
permission of H. A. Buehler, State Geologist. 


* Geologist, Missouri Geological Survey, Rolla, Mo. 
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1937 with but little change. 


Oil and Gas Development in Montana for 1937 


By EucEene 8. Prerry* 


Tur oil and gas industries in Montana continued through the year of 


No new fields were discovered, and pro- 


duction of old fields did not vary greatly. No outstanding wildcat wells 
were drilled. Perhaps most notable were extensions in the western part 
of the Kevin-Sunburst field. Acid treatment of wells in the Kevin and 
Pondera fields continued with gratifying results. 


TABLE 1.—Oil and Gas Production in Montana 


See ee ea ere 


Area Proved, Acres 
* Age, 
Field, County End ae 
1937 
be 4 Oil and 
= Oil Gus Gas Total 
=] 
Z 
3 
3 
. ? ae Gas 22 

1 | Baker-Glendive, Fallon, Dawson, Wibaus, Prairte..........0+++++0- Oil 2 40x 50,000 | 50,000 
9 | Border (Red Coulee), Toole..........- 2-2 -eeccr reset eens 300 0 D 300 
3 | Bowdoin-Saco, Phillips, Valley.......-:+.-+..20000see rete 15 0 0 | 50,000z | 50,000z 
VEN RowesreBldines aa cota. tent once hie mites rStia wameisie niet ee 11 0 0 | 3,000 3,000 
sy bts lls ine RITE: ene 9 gem) Beacon ee Rasen ior nee oC bea 6 0 0 | 1,000y| 1,000y 
6 | Cat Creek, Petroleum (Garfield)..........++++--0ssse000- 17| 1,600 0 0 1,600 
lat Bani Glacteny or asierenee neni re per 8} 38,000 0 | 30,000y | 68,000 
8 | Devils Basin, Musselshell............-- +0000 000 setter 18 600 0 0 

GREE yu Crecken Caroma src: cermmtas H- apsiele ep einisiete were ass aL ceo 8 y 2,000 y 2,000 
10 | Elk Basin { neat Carbon (Mont!) ..cccccee ee. cnmecsen ony ne ny 22); 200 0 0 200 
AM Hardin, BigsHornG.c osc. .cen sss sce ghee sr ail tee see dene ss 9 0 0 5,000 5,000 
12)| Kevin-Sunburst, Toole.....00 0006 6ce. te terse ete e teense cess 15| 45,0001 0 | 50,0002 | 95,000 
13 | Take Basin, Stillwater...... 0... 00...ghtet ee eese nett etercned ens 10 100 0 | 1,000 1,100 
14 | Pondera, Pondera, Teton..........00-.eeeet ener nee testes snes 9} 4,500 0 0 4,500 
RpAcwbitiaah Lsberty (Toole) cya finn o-2-athnsas ce anrennaee es {Gas 19) 5002] 0 | 6,500 | 6,000 


« Footnotes to column heads and explanation of symbols are given on page 313. 


1 Madison lime. 
3 Sunburst sand. 


Manuscript received at the office of the Institute March 26, 1938. 


* Montana School of Mines, Butte, Mont. 
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Total oil production for 1937 was 5,839,272 bbl. (Fig. 1). Gas pro- 
duction was approximately 23,000,000,000 cubic feet. 


1932 1933 1934 1935 1936 1937 


a 


IN MILLIONS OF BARRELS 


PONDERA 

—— ft oe CAT F CREEK, Ue 

y Reais, eros ees ete us 

Fig, 1.—ANNUAL OIL PRODUCTION OF LEADING FIELDS, Montana. PRoDUCTION FROM 
OTHER FIELDS WAS SMALL. 


PRODUCTION 


TABLE 1.—(Continued) 


Total Oil Production, Bbl. a Number of Oil and/or Gas Wells 
During 1937 | At End of 1937 
ss 4 : ae ling 
& |To End of| During During os During} During} 2 | , 5 2s 
q| 1937 939 | Meer | Bz | cs | 1086) 7 ig les | ye | EB | OBE Bm 
=< g Seer os 5 fa) o=-| 
4 Be Be 4 > 8S| a 3 Be Efe) 
-g wes! AS aeeigsz| 8 | 3 | BB | Bz 
3 az — en Ss As cas S — en & 6 
1 15,000 57,579 | 7,325 | 7,250 | 35 200 4 2 y 2 
2/ Included with Kevin-Sunburst z 0 0 0 19 0 0 y| 18 
3 0 0 0 0} 4,025y) 845 850y | y 35 0 0 y 0 
4 0 0 0 0 | 5,680, 682 680y | y 9 0 0 0 0 
5 0 0 0 0 | Included with Bowes 3 0 0 0 0 
6 | 13,532,000] 254,239 223,606 y 0 0 0 228 0 1 43) 104 
7| 10,377,000) 3,284,000 3,335,000 | 7,108 | 40,277 | 8,808 9,839 | 39.5 444| 78 0 88} 301 
8 y 1,493 1,362 7] 0 0 0 0 19 a 1 1 ‘ 
9 871,022} 212,561 99,140 y | 2,163 749 750 6 14 1 0 0 8 
10 752,674 11,878 8,994 y 0 0 0 0 35 0 0 0} = 30 
ll 0 0 0 0 185y 65y 7] 7] 28 1 1 0 0 
12 | 33,421,160} 1,685,909 1,675,405 | 3,928 | 24,822 2,675 | 2,500y y 2,300] 98 20 | Oil 287] 765 
13| 365,611) 15,144 | 18,419 y | Gas wells shut down | 0 | o { Gene 
14} 4,844,298] 421,395 413,670 |. y Small field use only 161 0 1} 159 
4 
15 39,817 8,900 6,526 y | 4,056 736 707 7] 17 2 2 5 pee 
own 
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The extensions to the Kevin-Sunburst field consisted of about 70 new 
wells within and immediately adjacent to the main field discovered in 
1923 near Kevin. Acidization was responsible for considerable increase 
in commercial production in wells in this area that found oil in the 
Madison (Mississippian) limestone. However, somewhat localized areas 
of oil-saturated Lower Cretaceous sandstone (Kootenai, Sunburst) were 
discovered. Ordinarily this horizon yields gas only near Kevin. In 
volume most of the new wells initially ranged from 50 to 200 bbl. per day 
by pumping. 

The market in northern Montana was greatly reduced late in 1937 
by the discovery and development of a prolific high-gasoline-content oil 
field immediately west of the unique Turner Valley gas field in Alberta, © 
about 125 miles north of the international boundary. This oil field, 
only half drilled, had a potential production of approximately 25,000 bbl. 
per day in December 1937, and prorated at 35 per cent was yielding 
9000 bbl. per day to a market originally supplied by northern Montana. 
Producers in Montana with refining outlets disposed of much of the yield 
of their wells, but small independents relying upon the open market were 
confronted by no demand. Prices fluctuated. The Governor of 


Taste 1.—(Continued) 


Oil Pro- 
. duction Character of Oil 
Number of Oil and/ D . Pressure, Lb. per é Je 
th, A in Feet | Methods 7 Approx. Average during 
or Gas Wells ay else eOlndion Sq. In.¢ 1937 
1937 
Number Average at |Gravity A.P.I. 
A al of Wells End of at 60° F 
Bottoms of | To Top of |———— rf — 
3 a Af one: Peotusitve Initial : S 
a | ells one ep BSaled 
El a: Ee 3 ee 1936] 1937 | & : 22/26) , 
oS. 4(e3| 3 Es 2 /-PEles| 3 
B\zss|26) Ee E| 2 |S <4! 4 
: Oil 700 
Oil 6,700 6,500 M 
1 roo | 102 |{ Qes°rs | 750 | 2} 2 } ae f2i0) yf vt ao a0. 0 
2 0 0 18 2,520 2,500 0 19 y y y 37 |1.0| M 
3| 0 |24| 24 {| Bo No | 6 att has eo }0 10 
ai 0 8 8 1,100 1,000 0 0 260 y y 0:10: 0110 
5 0 3 3 1,300 1,200 0 0 430 y y 0 }0 {10 /0 
6 0 0 143 1,465 1,425 0 104 x z y f 49 |0.5| M 
7 0 55 356 2,850 2,830 8 372 725 y 600y |39.635.4/388 |1.0 M 
8 0 0 2 1,190 1,180 0 2 x x x 18+ |y A 
9 0 6 14 4,500-5,750 4,400-5,650| 4 4 1,600 y y 50 0.02) P 
10 0 0 30 1,100 1,000 0 30 x x y 43 |0.14 M 
il 0 | 27 27 745 725 0 0 137 y y OOS 0) 10 
1,220 Gas 360 Gas 190 
ete easy ee 008 (OR theo J) sens} 00 (20 { Gas 860 | a} { Gacoo|s? 28 (29-7/1.6 | M 
Oil 5 1,440 1,240 
13 0 0 3,290 Bee 0 5 220 y y 43.60.1 | P 
Gas 12 3,935 8 
1,930 1,950 0 | 161 y y y (31.430 31 1.9 M 
14 1 1 161 9 Cal | brs 
1,600-1,700 . 
15| 0 | 12) 17 | 3'000-2'100 Oi eeeeten de wer ces Re ee | 
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Montana ordered a hearing by the Oil Conservation Board. Numerous 
witnesses were examined and cross-examined by lawyers chosen for the 
purpose. The decision of the Board was that state-controlled proration 
is not necessary and not advisable at present. However, a bill of excep- 
tions was filed with the Board to be presented to the Governor. Perhaps 
the most important result is a movement for Montanans to “buy gasoline 
made from Montana crude””—a movement that has resulted in improved 
markets for northern Montana at the expense of Wyoming, Oklahoma and 
California producers. 
Montana has new potential oil and gas territory. Much is to be 
classed as “wildcat,” although extensions to known fields are to be 
expected. Depending on market conditions and governmental activities, 
prospecting will expand or dwindle during 1938. 
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Oil and Gas Development in New Mexico in 1937 


By E. H. Wetts,* Memper A.I.M.E., anp A. ANDREAST 


New Mexico retained its position as the sixth largest oil-producing 
state for the year 1937 with a total production of 38,484,630 bbl. This 
was an increase of 11,680,184 bbl. over the 1936 production of 26,804,446 
bbl., or a gain of 43 per cent. 

The production for Lea County during 1937 was 35,961,056 bbl.; for 
Eddy County, 2,136,251 bbl.; and for northwestern New Mexico (San 
Juan and McKinley Counties), 387,323 bbl. The average daily non- 
marginal well allowable for Lea County on Jan. 1, 1937, was 92 bbl.; at the 
close of the year it was 67 bbl. The average daily pipe-line runs were less 
than the allocations of the New Mexico Oil Conservation Commission, 
but slightly in excess of the state allowables recommended by the United 
States Bureau of Mines. The average daily production for the year was 
105,437 barrels. 

The total number of completions in the state was 742, of which 638 
were oil wells; 19 hydrocarbon gas wells; 5 carbon dioxide gas wells and 
80 dry holes. Of the dry holes, 46 were in proven fields. Of these 46 dry 
holes, 13 were in the Artesia-Grayburg-Jackson-Maljamar area, Eddy 
County, two in the Getty Extension field, Eddy County, 11 in the Red 
Mountain field, McKinley County, three in the Rattlesnake field, San 
Juan County, and nine in the Aztec-Bloomfield area, San Juan County. 
There were only eight dry holes in the proven fields in Lea County. 


SouTHEASTERN New Mexico 


Lea County—The Monument field was the largest producing field in 
Lea County, with 10,945,788 bbl., closely followed by the Eunice field 
with 10,927,929 bbl. The Hobbs field, formerly the largest producing 
field in Lea County, was relegated to third place, with 7,292,522 barrels. 
Drilling during the year closed the gap between the northern part of the 
Eunice field and the southern part of the Monument field. The wells in 
this area were relatively small, because of decreased porosity in the lime. 

The greatest activity in Lea County was in the Monument pool, with 
199 completions, 197 being oil wells, one a gas well and one a dry hole. 


Manuscript received at the office of the Institute March 11, 1938. 
* President, New Mexico School of Mines, and Director, State Bureau of Mines 
and Mineral Resources, Socorro, N. M. 
t Acting State Geologist and member New Mexico Oil Conservation Commission. 
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The limits of this pool were not defined on the west, northwest or north. 
The total number of 40-acre oil-producing units in the field at the close 
of the year was 460. 

Drilling during the year developed an important pool in the Vacuum 
area. ‘The first well drilled in this area was the Texas Inglefield-Bridges 
State No. 1 in sec. 4, T. 178., R. 34 E. An estimated potential produc- 
tion of 100 bbl. a day was obtained. The well was drilled to a total depth 
of 5329 ft., and plugged and abandoned May 15, 1928. 

The second well drilled in the area was the Magnolia State Bridges 
A-1 on the section line between secs. 13 and 14, Tel7'§., Re 342, eee 
hole was temporarily abandoned at 4900 ft. in July, 1929. It was 
estimated at that time that the well would produce 100 bbl. daily. 

In November 1936, the Magnolia Petroleum Co. spudded its State 
G-1 in the NW14 NW14 NEV sec. 24, T. 17 S., R. 34 E., approximately 
34 mile southeast of its State Bridges A-1 well, and completed it in 
February 1937 as a 150-bbl. pumping well. 


TABLE 1.—Oil and Gas Production in New M. exico 


Area Proved, Acres 
Age, 
Field, County to End 
of 1937 Oil 

Ai Oil and Gas Total 
Z Gas* 

a 
3 

dn) ARtOglay BODY; conc ena accagit oe weer emer ee ie 14 11,940 y | 2,840 | 14,780 

2 | Aztec, San Juan.......... re 13 90 0 EH 95 

9-| BIAN0O; SAA J Uan io Na: hoe hotedc ss eC O te : 10 0 40 0 40 

4° Cooper, Leas: cs chennt ts Rainier eae hice Ee 8 3,520 120 3,640 

5 8 680 160 840 

6 9 17,640y; 120 | 17,760 

7 9 240 240 

8 2 1,520 y 0 1,520 

9 9 1,800 8,240 0 10,040 
10 15 160 0 0 160 
11 10 50 0 0 50 
12 10 y 1,200y 480 1,680 
13 10 0 0 | 1,200 1,200 
14 10 7] 2,120 320 2,440 
15 8 520 0 0 520 
16 | Lynn, Lea 8 440 0 0 440 
17 | Mattix, Lea 1 1,920 0 120 2,040 
18 3 y | 18,520y 40 | 18,560 
19 | Penrose, Lea 2 oy 3,240y 0 3,240 
: He Hata 

0 0 2 

22 | Rhoades, Lea 10 0 120 120 240 
23 | Skelly, Lea 2 1,440 
24 | So 8 1,880 
25 12 100 
26 15 640 
27 | Vacuum, Lea 9 - 200 
28 Total 20,320 84,445 


® Footnotes to column heads and explanation of symbols are given on page 313. 
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After the completion of the Magnolia State G-1 the Texas Co. spudded 
in its State L-1 in the SW!4 NE) sec. 1, T. 188., R. 34 E., in September 
1937, and completed it in November 1937 at a depth of 4497 ft. The 
initial production was 820 bbl. of oil at 34.4° Bé. gravity with a gas-oil 
ratio of 1360. This well definitely proved that a large oil field had 
been discovered. 

It is anticipated that the Vacuum area will have the greatest activity 
of any of the New Mexico fields during 1938. The State of New Mexico 
owns most of the acreage in the probable producing area. 

Eddy County——Two new fields were discovered during the year in 
New Mexico, one in the Black River dome area, Eddy County, and the 
other about 214 miles east of the Getty field, Eddy County. 

The discovery well at the Black River dome, the Collins Weiler No. 1 
in sec. 13, T. 248., R. 26 E., was drilled to a depth of 2918 ft. and was 
considered a small producer. An offset to this well also encountered oil, 
but it was not a completion at the end of the year. This may prove to be 
the first commercial field discovered west of the Pecos River. 


TaBLE 1.—(Continued) 


ee eee 
. : Total Gas Production, Number of Oil and/or 
Total Oil Production, Bbl. Millions Cu. Ft. Gas Wells 
During 1937 
Daily 
: 5 > 
To End of During During ies To End of | During | During | ‘3 
ba 1937 1936 1937 1937 1936 1937 ei 
3 Nov. oo |e = 
g 1937 Seer al a Aes 
ay) 22 2 S 
4a Ete aot a S 
Z a5| Boe | 8 | 2 
5 Somes mee ls 
i 9,269,714 1,071,806 2,004,303 7,269 7502 |: x z 2 423 47 Ea 
2 30,129y 2,118 3,860y 0 0 0 0 28 0 0 
3 1,226 50 70 166 24 35 0.2 1 0 0 
4 7,847,289 2,929,397 2,237,931 4,963 | 51,713 14,631 | 14,747 z 92 5 0 
5 022 y 386,844 1,063 455 x 386 x 21 6 0 
6 | 23,599,176 7,890,940 10,927,929 27,025 | 82,856 20,858 | 38,367 F 444 136 
7 282,414 23,057 131,948 362 9 
8 384,795 66,575 318,220 1,198 748 148 600 1.5 38 27 0 
9 80,533,071 9,052,129 7,292,522 16,270 | 174,676 14,516 | 15,817 y 265 i 0 
10 1,809,025 84,657 69,875 232 0 0 0 | 0 if 0 0 
12 7365 7 se'gat’ | 1,185 | 16 oaey | 13 5 | 3 a0 ly 2 $f 0 
1 104,417 435,88 i ,938y 1 , y 
3 adie) 4 0 0 0| 5,648 1,192 | 1,164 | 4.7 10 Ole 
14 796,364 y 604,846 2,410 3,439 2 2,612 2 61 45 0 
15 6,322,864 432,871 316,625 713 0 0 0/0 18 0 0 
16 120,592 y 97,838 506 175 y 142 x 18 10 0 
17 ; 583,876 59,510 524,366 2,064 672 68 604 x 52 36 0 
18 | 14,763,090 3,579,908 10,945,788 30,447 | 39,443 7,165 | 29,444 x 464 198 0 
19 1,037,528 205,938 831,590 3,506 1,764 849 1,415 x 81 66 0 
20 3,813,064 291,404 file oy , ¢ 0 ; ie J i 
21 2,800: 1,600 e00y 
22 121746 i 30,172 120 7,750 x 1,920 | « 6 2 0 
23 515,911 423,114y 1,524 0.3 x 0.2) « 39 25 0 
24 990,373 y 579,664 2,314 495 zr 289 0.6 AT 32 0 
25 451,890 31,131 29,973 86 0 0 0 0 6 0 0 
26 0 0 0 0 3,91ly 452 668 | 6.5 3 0 0 
27 7,726 0 7,726 80 x x © ln 5 4 0 
“28 | 159,106,050 26,827,503 38,484,630 391,599 .3 72,931 | 111,620.2 2,238 657 8 
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The Barber field was discovered in February. In that month the 
Neil Wills Colgalzier No. 1 in sec. 20, T. 30 S., R. 30 E., was completed 
at 1443 ft. Its initial production was 132 bbl. oil on swab, the gravity 
being 20.5° Bé. Four oil wells with an average initial production of 
about 200 bbl. were drilled in the area during the year, and also two 
dry holes. 

At the close of the year the Shugart Coulthard No. 1 well in sec. 35, 
T. 18S., R. 31 E., was swabbing and flowing around 60 bbl. of oil daily 
at a depth of 3727 ft., but was not a completion. This well is approxi- 
mately 9 miles south of the Skelly section of the Artesia-Grayburg-Jack- 
son-Maljamar area. 

In the early part of 1937 a 514-in. oil line was constructed from the 
Artesia-Grayburg-Jackson-Maljamar area to connect with the line 
of the Texas Pipe Line Co. at Lea. This line approximately doubled the 
market outlet for the Eddy County fields. 


TABLE 1.—(Continued) 
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NORTHWESTERN New Mexico 


In San Juan County most of the drilling was confined to the Rattle- 
snake field, with the completion of six oil wells, three dry holes, and the 
abandonment of seven old wells in the field. 

In McKinley County the small Red Mountain field proved to be a 
disappointment. Two small producing oil wells and eleven dry holes were 
drilled in this area during the year. At the end of the year there were six 
producing wells in the area, and the estimated production for 1937 was 
1200 bbl. Production is obtained in the Mesa Verde formation, Upper 
Cretaceous, at a depth of approximately 440 feet. 


NorTHEASTERN New Mexico 


In the northeastern part of the state the greatest activity was in the 
Bueyeros field, Harding County, with the drilling of five carbon dioxide 
gas wells. Four of them were completed in the upper gas horizon at 


TaBLE 1.—(Continued) 


Deepest Zone Tested 


Character of Producing Rock to End of 1937 
Gas, Approx. 
Average 
during 1937 
a2 
a8 . 
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8 y\y Permian sandstone and| Per | 8-D | Cav A 0 | San Andres Per 3,815 | A 
White lime 
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13 | 1,050 | 0.2y | Pictured Cliffs CreU | 8 60 | H 12 | Mesa Verde CreU 4,400 | A 
14 yly Permian sand Per s A 4 | San Andres Per 3,903 
15 White lime Per D | Cav AM 16 | San Andres Per 4,046 
16 y\y Permian sandstone and | Per D | Cav A 2 | San Andres Per 
White lime 
17 Permian sand Per 8 A 2 | San Andres Per 
i : y White lime Per D | Cay A 5 | San Andres Per 4,534 
19 y\y Permian sand Per NS) A 2 | San Andres Per 4,073 
20 0} 0 Dakota sand CreU | S 24 | AF 19 | PennU 7,370 | A 
21 0/0 Mesa Verde CreU} § 13 | AF 19 | Mesa Verde CreU 640 | A 
22 y\y Permian sand Per 8 A 3 | San Andres Per 4,115 
23 yly Permian sand Per § A. 3 | San Andres Per 4,052 
24 y\y White lime Per D | Cav A 1 | San Andres Per 6,202 
25 0/0 Dakota sand CreU | 8 7| A 7 | Chinlee-TriasU 3,010 | A 
26} 1,060 | 0.2y | Dakota sand CreU| S 60 | D 0 | Dakota Ss-CreU 2,350 | A 
27 yly | White lime Per D | Cav| 200y) A ae San Andres Per 5,329 
28 
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depths of less than 1000 ft., and one well was completed in the lower 
horizon at a total depth of 2041 feet. 

The initial daily production of the wells completed in the upper 
horizon is 2,000,000 to 3,000,000 cu. ft. with a pressure of approximately 
400 lb. The initial production of the deep well located in sec. 31, T. 20 
N., R. 31 E., was estimated to be 20,000,000 to 30,000,000 cu. ft. of gas 
containing approximately 99 per cent of carbon dioxide. The pressure 
was estimated to be about 600 pounds. 

During the year two small experimental dry-ice plants were completed 
in the Bueyeros field, but production was negligible. 
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TaBLE 2.—Summary of Drilling Operations in New Mexico 1937 
Surrace Formation, Tertiary; Deepest Horizon Testep, PERMIAN 
Sanne 
Important Wildcats Drilled in 1937 


Location Initial Production 
Total per Day 
County or Depth, 
ne Feet Drilled by ee Remarks 
ivision or i 
Sec. | Twp. | Rge. Meters Oil, U. S. BbI, | Millions 
pe aes oe 

1 31 178 | 37 E | 5300 | Ajax Drill Co. Abandoned 

2 5 20S | 38 E | 4410 | Baldridge Abandoned 

3 8 21S | 38 E | 4401 | Brown et al. Abandoned 

4 22 21S | 34E | 4144 | Brown et al. Abandoned 

5 7 168 | 36 E | 5512 | Carlock Abandoned 

6 35 208 | 38 EB | 4842 | Continental Abandoned 

7 30 20S | 38 E | 3860 | Continental 1248 NE. extension of 

nice 

8 2 11S | 36 E | 5277 | Crandall & Osmond Aband 

9 2 218 | 32 EB | 3500 | Culberson & Irwin Foren 
10 12 26.5 | 32 E | 4868 | Homestead 0. & G. Abandoned 
11 9 228 | 34E | 4125 | Humble O. & G. Abandoned 

12 6 20S | 38 E | 4244 | Leonard, Harry Abandoned 
13 i 268 | 38 E | 4030 | Magnolia Petr. Co. Abandoned 
14 32 108 | 34E | 4819 | Maxwell, J. T. Abandoned 
15 D) 11S | 36 E | 5162 | Maxwell & Crandall Abandoned 

16 30 17S | 34 E | 4952 | Phillips Petr. Abandoned 
17 30 20S | 39 E | 4711 | Rushwold Abandoned 
18 34 205 | 35 EB | 4195 | Shell Oil Abandoned 
19 185 | 34 E | 4497 | Texas Co. 600 3. 344 miles south of 

he ge discovery 
wel 

20 | Eddy...... 24S | 26 E |} 2918 | Collins, T. D. Small well Black River D 
21 | Eddy...... 18S | 31 E | 3727 | Shugart Not completed Swabbing and flowing 
22 Wills, Neil 132 pli 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1937..... 83 32 
Number of oil wells completed during 1937.........................000 640 3 
Number of gas wells completed during 1937..........................0.., 19 0 
Number of dry holes completed during 1937..........................000, 46 34 
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tion on the northwestern area, comprising San Juan and McKinley Coun- 
ties. For information on the southeastern area, consisting of Eddy and 
Lea Counties, they are indebted to Mr. C. G. Staley, Proration Umpire 
for Lea and Eddy Counties, and his assistant, Mr. John Kelly. For 
general information and compilation of various data the assistance of 
Mr. T. P. Wootton, of the staff of the State Bureau of Mines and Mineral 
Resources, Socorro, is acknowledged. 


Oil and Gas in New York in 1937 
By D. H. Newianp,* Memper A.I.M.E., anp C. A. Harrnacert 


Most of the petroleum produced in New York State is obtained by 
flooding; that is, water drive. No important oil fields have been devel- 
oped during the past 30 years, nor does there seem much hope that the 
productive oil areas will be substantially enlarged in the future. There 
is some prospect that additional supplies may be obtained by deeper drill- 
ing, but deep tests for gas to the Oriskany sandstone in some of the oil- 
producing areas have been without results so far as any discoveries of oil 
are concerned. 

Although the flooding method had been made legal in 1919, and some 
floods had been in operation previous to 1921, that year marks the begin- 
ning of a rapid increase in oil production by the new method. The flush 
production of oil in New York was in 1882, shortly after the discovery 
of the Richburg pool in Allegany County. The oil production in that 
year amounted to 6,685,000 bbl. The 1937 production of 5,478,000 bbl. 
was the largest since the flush production of 55 years ago. The effective- 
ness of water-flooding for increasing oil production from the old New York 
fields is shown in Table 1. 


TABLE 1.—Production of Oil in New York since 1921 


Year Barrels 


Barrels 

1921 988,000 3,377,000 
1922 1,000,000 3,647,000 
1923 1,250,000 3,363,000 
1924 1,440,000 3,508,000 
1925 1,695,000 3,181,000 
1926 2,242,000 3,804,000 
1927 2,603,000 4,236,000 
1928 3,377,000 4,633,000 

5,478,000 


The area of the New York oil fields is about 60,000 acres. It has been 
estimated that not over one-fourth of the area is being flooded. Very 
little of flooded territory has ceased to produce. Some leases flooded by 
the early, less scientific methods are being again subjected to the water 

Manuscript received at the office of the Institute March 9, 1938. 
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drive. The future life of the fields is dependent upon the size and number 
of floods. At present rate of production the supply will last 25 to 30 
years. Even with a moderate increase in the number and size of the. 
floods, large production can be maintained for at least 20 years, and at a 
declining rate for a period of 25 years. 


Gas DEVELOPMENTS 


In 1937 drilling operations for natural gas in New York resulted in an 
unusual increase in initial production. This account concerns only 
operations in relatively new territory and does not take into consideration 
the usual developments in the old, well established fields of the state. 
Most of the operations have been confined to the deeper sands in the 
southern tier of counties. There has been a marked falling off in the 
number of wells drilled in the Trenton limestone district and in shallow 
wells of the Medina sandstone. During the year 41 wells were completed, 
of which 28 are listed as commercial producers. The combined initial 
open-flow capacity of the wells was 403,418 M cu. ft. per day. Practically 
the entire new production was from the Oriskany sandstone in Steu- 
ben and Allegany Counties. At the close of the year 16 wells were 
being drilled. 

Steuben County——During 1937 the outstanding development in 
natural gas in New York State was the discovery in May of another gas 
pool in the Oriskany sandstone. The pool is in the town of Woodhull, 
Steuben County, where the discovery well, the Herrington, reached the 
top of the Oriskany at a depth of 3955 ft., and after penetrating the sand 
for a distance of 2 ft. developed a daily flow of 17 million cubic feet with 
a rock pressure of 1950 lb. Rapid development of the field followed and 
by the second week in January 1938 twenty wells (Table 2), all producers, 
had been completed. At present seven wells are being drilled. One of 
these is in the town of Troupsburg, southwest of the main group of wells, 
and if successful will extend the field in that direction. 

The Woodhull pool as at present developed comprises an area about 
three miles long and two miles wide. The field has a general northeast- 
southwest direction and lies along the axis of Van Etten (Harrison) 
anticline. It is the only Oriskany gas field yet discovered on this struc- 
ture in New York, but to the southwest in Pennsylvania are the following 
gas fields (the distances are from the Woodhull): Harrison, 16 miles; 
Ellisburg, 26 miles; Hebron, 32 miles. The Farmington and Tioga gas 
fields on the Sabinsville anticline in Pennsylvania are 12 and 16 miles, 
respectively, from the Woodhull field. 

Previous to the discovery of gas in the Woodhull field, one unsuccess- 
ful deep test had been made along the southeast border—the Taft well, 
drilled in 1930. Starting at an elevation at 1500 ft., the top of the Oris- 
kany was reached at 4042 it. The Taft well proved to be low on the 
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structure but is only 14 mile distant from one of the producing wells that 


was brought in with an initial daily flow of 12 million cubic feet. 
thickness of the Oriskany in the Taft well was 14 ft. 


The 


In the producing 


area only a few of the wells have penetrated the Oriskany more than 3 or 


4 ft. 
14 ft. 


Those drilled deeper in the Oriskany indicate a thickness of at least 
One well was completed 18 ft. below the top of the Oriskany, but 


the record does not indicate whether or not the entire interval is Oriskany . 


TABLE 2.—Productive Gas Wells in Woodhull Field 


Rock 
Name of Well Reported Operator as vFt. Gama wire ep see , 
; Ft. Sq. In. 
Herrington.............| Atwater et al. 1,546 3,955 | 17,000 1,950 
K. H. Ackerman........| 8. J. Brendel 1,773 4,123 | 12,438 1,912 
Carrie Calkins.......... G. L. Cabot 1,604 4,020 | 20,000 1,915 
(Ch Calkins eeeerian & ete ce Becker 1,602 4,005 | 17,000 
H. Hands... yaa) es ).| Sylvania 1,743 3,987 | 22,200 1,945 
Bates: 7xc.ce 9; hyn} lanes etal, 1,396 3,856 | 14,000 1,910 
He" Calling \ aetna N. Y. State N. G. 1,680 4,025 | 26,000 1,940 
Moyer... 2. icc. anaes) Hanley & Bird 1,595 3,943 | 27,000 1,895 
AS Eee Uttlemeek ace. cate Sylvania 1,452 3,882 | 25,500 1,945 
R, A. Towsley..........| G. L. Cabot 1,591 3,905 | 28,000 1,930 
CuGrovesiis...ck on bolt GaleOnbot 1,846 4,166 3,700 1,675 
adi L DOS Sih eel NGL Un bean 1,488 3,864 | 10,480 1,875 
Lep-Johnsoniaee ender Belmont 1,636 4,029 8,000 
Jupdeed OhTISONpe eee .| Cunningham 1,632 3,977 6,000 1,680 
Jeliobeckagte ar me Hanley & Bird iis 4,110 | 22,600 1,630 
Fred Sly) 2092.04) J. Becker 715 4,071 | 20,000 1,600 
E. H. Ackerman........ Hanley & Bird 1,634 4,026 | 12,600 1,500 
Hans Browm) & dec uldke Southwestern Dev. 1,591 3,972 | 15,000 1,440 
Charles Finch.......... N. Y. State N. G. 1,760 4,019 | 19,500 1,710 
Co eBonihienicese see N. Y. State N. G. 1,745 3,987 5,000 


a 


The dry Taft well at the southeast edge of the field probably marks its 
limit in that direction. On the other sides of the field no dry holes have 
yet been drilled and it is confidently expected that the field when fully 
developed will have an extent of approximately 6000 acres. 

Southwest of the Woodhull field, two wells were completed near the 
Pennsylvania state line, in the town of Troupsburg. Both wells may be 
regarded as “‘step-out”’ wells of Harrison field of Pennsylvania. One of 
these, the Hendrickson well at an elevation of 2170 ft., reached the top 
of the Oriskany at 5106 ft. The well was reported completed with a 
daily flow of one million cubic feet and a rock pressure of 2160 lb. The 
Schaul well is 14 mile southwest of the Hendrickson at an elevation of 
2058 ft. The top of the Oriskany was at 5010 ft. A flow of 796 M 
cu. ft. was found 9 ft. in the Oriskany with a rock pressure of 1935 lb. 
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The last report was that the well was being slightly deepened with the 
hope of increasing its gas flow. 

In the town of Howard a well was drilled on the T. E. Moss property, 
at an elevation of 1845 ft., the top of the Oriskany being found at a depth 
of 3576 ft. The well was finished at 3600 ft. Ten feet of Oriskany was 
reported, which gave a daily flow of 200 M cu. ft. The Norman Phelps 
well in the town of Addison started at an elevation of 1347 ft. and reached 
the top of the Oriskany at 3820 ft. A daily flow of 20 M cu. ft. was found 
in the Oriskany, with a considerable amount of salt water. 

One test well was drilled in the town of Jasper, 6 miles north-northwest 
of the Woodhull field, on the Bettinger farm, at an elevation of 1780 ft. 
The top of the Oriskany was reached at 4191 ft., but it contained only 
salt water. 

In the town of Hartsville the Clara Lynch well was drilled from an 
elevation of 2288 ft. The Oriskany was found at a depth of 4715 ft. 
Drilling 4 ft. into the Oriskany resulted in a large flow of salt water. 

In the Greenwood gas field two wells were drilled, one a producer and 
the other a dry hole. The successful well, the most southerly in the 
Greenwood field, is on the L. D. Clark farm, a few hundred feet south of 
the producing State well. The top of the well is at an elevation of 2264 ft. 
and the Oriskany was reached at 4758 ft. The well had an initial flow of 
15 million cubic feet of gas and a rock pressure of 1760 lb. Two miles 
northeast of the Clark well an effort was made to extend the Greenwood 
field in that direction. A well on the Addie Coston (Wing) farm was 
started at an elevation of 1712 ft. The Oriskany was reached at a depth 
of 4179 ft. The Oriskany sandstone, 14 ft. thick, produced only 
salt water. 

‘Allegany County.—In the State Line field four additional wells were 
completed during the year, three of which were producers. At the close 
of the year three wells were being drilled. One of the successful wells, the 
Lee Harder No. 2, is in the town of Alma. The well was drilled at an 
elevation of 2025 ft. and the Oriskany was reached at a depth of 4681 ft. 
The daily initial flow was 24 million cubic feet, with a rock pressure of 
1540 Ib. A second successful well, also in the town of Alma, is on the 
K. Mulvey farm. Drilling began at an elevation of 1999 ft., reaching the 
Oriskany at a depth of 4675 ft. The well had an initial flow of 22 million 
cubic feet and a rock pressure of 1400 pounds. 

The F. Murphy well, also in the town of Alma, started at an elevation 
of 1971 ft. The Oriskany was reached at 4718 ft. The initial production 
was 8400 M cu. ft. with a rock pressure of 1110 pounds. 

In the town of Willing only one test was completed. The Wilson 
well, 4 miles northeast of present production in the State Line field, 
started at an elevation of 2288 ft. The top of the Oriskany was reached 
at 4984 ft. but only salt water was present in the sand. Thus far in the 
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State Line field 35 wells, including two in the state of Pennsylvania, have 
been completed. Of these 24, all in New York, are present producers. 
Three gas wells, two of which produced considerable salt water with 
the gas at the time of completion, are no longer productive. Eight of the 
wells were salt-water wells when completed. Initial production of the 
wells in the State Line field ranged from 7500 M to 34,000 M cu. ft. daily, 
or an average flow per well of 24,000 M cubic feet. 

A test well on the Terwilliger farm in the town of Angelica started at 
an elevation 2033 ft. and reached the Oriskany at a depth of 3987 ft. No 
gas was found in the Oriskany. 

One Medina sandstone test was completed in the town of Allen, where 
previously nine wells had been drilled in search for gas in the Oriskany 
sandstone. The prevous tests of the Oriskany had resulted in relatively 
small flows of gas from some of the wells, but the presence of small 
amounts of a light-grade oil in the Oriskany was one of the incentives for 
further drilling. The Medina sandstone test was on the Platt (Bank of 
Angelica) farm, and drilling began at an elevation of 2005 ft. The top 
of the Oriskany was reached at a depth of 3380 ft. It proved to be only 
4 ft. thick and unproductive. The well was then deepened. The top 
of the Niagara limestone was reached at 4413 ft. and the well-known 
“black water’ of the Niagara at 4500 ft. The red Medina sandstone 
was reached at 4804 ft., with a showing of gas at 4917 ft. The well was 
completed as a dry hole at a depth of 5001 feet. 

Cattaraugus County.—Two tests of the Medina sandstone were com- 
pleted in the town of Leon. Five wells had previously been drilled in 
Leon, four of which were productive. One of the 1937 tests was on the 
Rideout farm. The top of the red Medina was reached at 3674 ft. and 
the bottom of the white Medina at 3807 ft. The well was abandoned at a 
depth of 3812 ft. without evidence of gas. The other Leon well was on 
the Hoffler farm. The top of the red Medina was found at a depth of 
3599 ft. and the bottom of the white Medina at 3740 ft. The well was 
abandoned at a depth of 3745 ft. In the town of Randolph, on the 
H. Hotchkiss farm, a well was completed near three previously drilled 
wells that gave some promise that gas in commercial quantities might be 
found in the vicinity. The Hotchkiss well is reported as having reached 
the top of the red Medina at a depth of 4605 ft. The well was drilled 
to a depth of 4765 ft. and abandoned. 

Schuyler County.—Southeast of the Wayne-Dundee gas field, in the 
town of Dix, three unsuccessful wells have been drilled as Oriskany tests. 
One well on the Shearer farm was drilled from an elevation 1270 ft. The 
Oriskany sandstone was found at a depth of 2284 ft., with a thickness of 
13 ft. The well was completed at a depth of 2340 ft. The well on the 
Washburn farm was started at an elevation of 1108 ft. No Oriskany was 
found in the well but its horizon at the base of the Onondaga limestone 
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was reached at 1986 ft. The bottom of the well is at 2142 ft. The well 
on the property of the Federal Land Bank found no Oriskany sand and 
the well is being deepened as a test of the lower Paleozoic formations. 
At the close of the year the well had reached a depth of more than 6400 ft. 
The top of the red Medina is recorded at a depth of 5298 feet. 

Oneida County.—In this county, where 30 wells have been drilled 
since 1934, only one well was completed during the year—north of Utica 
in the town of Marcy, on the DeShane and Sequin farm. A small flow 
of gas was found in the upper part of the Trenton limestone. Salt water, 
however, entered the well, which was abandoned at a depth of 860 ft. In 
the Camden field, the village of Camden is being supplied with gas from 
the Trenton limestone. Gas from several of the wells drilled two or three 
years ago is being held in reserve and some of the wells now furnishing 
gas will be drilled deeper into the Trenton when the present production 
runs low. 

Madison County.—Efforts to find gas in commercial amounts in the 
town of Brookfield are being continued. During the year one well was 
completed to the Medina, which was found at a depth of about 2000 ft. 
Small flows of gas were reported at several horizons in the well. Thus far 
four wells have been completed and one is being drilled near by at Pleasant 
Valley. One of the wells was drilled as a deep test. It reached a depth 
of 3642 ft. and was finished in the Little Falls (Cambrian) dolomite. A 
rock pressure of 600 lb. was recorded when the well was closed in, but the 
pressure rapidly declined as gas was withdrawn. 


Oil and Gas Development in Ohio for 1937 


By Dewirr T. Rinc* 
(New York Meeting, February, 1938) 


RELIABLE and detailed data covering the enormous number of wells 
drilled and the long historical production of the state, many of which 
were never recorded until recent years, render it impossible to gather 
statistical material suitable for the Institute’s standardized form. 

The total production of crude oil in Ohio for the year was 3,654,503 
bbl., which is less than the total production in the United States for the 
peak day of August 1937. For a period of eight years, from 1895 to 1902 
inclusive, Ohio produced more oil than any other state. During the year, 
1271 tests were drilled in the state, or 114 more than in 1936. Of these, 
317 were oil wells, with an initial production of 7088 bbl., an average of 
22.3 bbl. per well; 503 were gas wells, with an initial open flow of approxi- 
mately 222,441 M cu. ft., or 443 M cu. ft. per gas well drilled; 451 were 
dry holes, that is, 35 per cent of the total completions. 

A number of factors account for the steady decline of oil production 
in Ohio. -In the state, at the close of the year, there were fewer than 
28,122 producing oil wells. In 1936, there were 30,150 operated oil wells 
with an average yearly production per well of 126 bbl. The production 
for 1937 averaged 130 bbl. per well. During the year, 2028 oil wells 
were abandoned. In other words, old wells are being abandoned more 
than six times faster than new ones are being drilled. 

Since the inception of the oil and gas industry in Ohio, between 
150,000 and 160,000 wells have been drilled in the state ; hew potential 
territory, offering desirable locations for either oil or gas, is becoming 


increasingly more difficult to find; the dry-hole percentage will continue 
to increase. 


PRICES 


Another factor directly affecting the crude situation during the year 
was the matter of price and proration of Pennsylvania grade oil. The 
posted price for Pennsylvania grade in Ohio on June 7 was $2.37 per 
barrel; at the close of the year, it was $1.70 per barrel, or a reduction of 
28 per cent in price. In addition to this price cut, a 50 per cent pro- 


Manuscript received at the office of the Institute Jan. 31; revised March 3, 1938. 


* Geologist, The Ohio Fuel Gas Co. and Columbia Oil and Gasoline Corporation, 
Columbus, Ohio. 
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ration, which still stands, was placed on this grade of oil in September. 
Ohio consumes more than 10 times as much as it produces from its 28,122 
wells, averaging 14 bbl. per day. Proration was necessary on account 
of lost markets for Pennsylvania grade oil from Ohio; unless the economic 
side of the market situation is given relief for this grade of oil, Ohio in 
1938 will drill fewer wells, produce less oil and abandon more wells than 
in 1937. The other two grades of oil produced in the state, namely 
Corning and Lima, are not prorated. Average daily productions of the 
three grades were as follows: Pennsylvania grade (9 months before pro- 
ration), 4008 bbl.; Corning grade, 4000 bbl. (estimated); Lima grade, 
2100 bbl. 

Total production by grades for 1937 was as follows: Pennsylvania 
grade, 1,389,713 bbl.; Corning grade, 1,410,322 bbl.; Lima grade, 
617,538 bbl.; Cleveland-Lodi grades, 102,088 bbl. Prices for crude oil 
in 1937 in Ohio were as shown in Table 1. 


TaBLE 1.—Prices for Crude Oil in Ohio 


Date Grade per Sb. Date Grade pet BDI 

1937 1937 
Jan. 1-Feb. 24....| Pennsylvania} $2.12 | Jan. 1-Jan. 29... .| Corning $1.32 
Feb. 24-June 7....|Pennsylvania| 2.22 | Jan. 29-Sept. 2...| Corning 1.42 
June 7-Sept. 1....|Pennsylvania| 2.37 | Sept. 2-Dec. 31... Corning LEP 
Sept. 1-Oct. 12....| Pennsylvania} 2.10 | Jan. 1—Jan. 28....| Lima ah als 
Oct. 12-Dec. 1....| Pennsylvania} 1.85 | Jan. 28-Nov. 20. .| Lima ih 3745) 
1.70 | Nov. 20-Dec. 31. .| Lima 1.00 


Dec. 1—Dec. 31....| Pennsylvania : 


DRILLING 


The Trenton field (also called Lima) in northwestern Ohio, compris- 
ing 15 counties, produces from the Trenton Lime; the oil is classified as 
Lima grade. During the year, 74 tests were drilled in this territory, 
44 of which were completed as oil wells with a total initial production of 
1280 bbl.; 20 dry holes were drilled and 11 small gas wells completed. 

In the central and southeastern Ohio fields, the Clinton, Oriskany, 
Berea, Big Injun, and shallower sands furnish the production. The 
Clinton sand alone accounts for approximately 80 per cent of the gas 
production in the state, as well as a good part of the oil production. 


New DE&vVELOPMENT 


No outstanding discoveries that might indicate any new fields were 
made during the year; in most instances, they were extensions to present _ 
producing oil areas. The more important were as follows: 

Knox County—In Jackson township, nine Clinton sand wells, with 
initial productions ranging from 45 to 207 bbl. of Corning grade oil, 
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were completed with an average depth of 3175 ft. In Union township, 
five Clinton sand wells with initial productions ranging from 5 to 175 bbl. 
of Corning grade oil were completed; average depth, 2835 ft. In Butler 
township, a new Clinton sand gas field is being developed with wells 
ranging from less than one-half million to 714 million cubic feet open 
flow. Rock pressures are slightly under normal; average depth 3000 feet. 
Perry County.—In Clayton township, six Clinton oil wells with aver- 
age initial production of 130 bbl. per well. Five of these wells were not 
shot on account of reduced allowable. The oil is Pennsylvania grade. 
This is a new field. The average depth is 3275 feet. 
_ Tuscarawas County—In Lawrence and Franklin townships, indica- 
tions point to a new Clinton sand gas field. Open flows range from 150 
to 8283 M cu. ft. Six wells have been completed, the depths averaging 
from 4500 to 4700 feet. 


TABLE 2.—Wells in Lima Fields 


Number | Number | Produc- | Number | Produc- Number 


County of Com- of Oil tion of of Gas |tionofGas,| of Dry 

pletions Wells Oil, Bbl. Wells M Cu. Ft. Holes 

Aliens Sige sct a ccc ore See ae 1 1 12 0 0 0 
Alig 18176 min cee Rate 2 0 0 0 0 2 
Hilton set, oneal ee eee 1 0 0 0 0 1 
Hancock. a,c eee 11 8 96 0 0 3 
Hardin's. a. =e, Beare 3 1 35 1 5 1 
Henry. 43... 46nd Oe 6 5 76 0 0 1 
Mercer! fenx4 5 eae ee ae 2 1 15 0 0 1 
Ottaw arrests deen areee 2 0 0 2 326 0 
Putman sy ae See ee 16 16 787 0 0 0 
pandusky.wenec eee F. 4 2 Uf 0 0 2 
DER O CAM Nia ity dL eee Lo 18 7 226 re 221 4 
oY | ha ae ec 2 0 0 1 ? 1 
AW OO Ceres nee ee 2 0 0 0 0 2 
Wivandoti.s. cao seseen 5 3 28 0 0 2 
Totaly 93 faescnene eee (oe 44 1282 11 552 20 
MUO ta ll OSG are: eure we 81 35 476 37 9 
Differences: a meine eae — 6 +9 + 806 —26 +11 


REPRESSURING PROJECTS 


No new Clinton sand repressuring projects were started during the 
year. Two such projects have been in operation for the past three 
years, and are functioning satisfactorily. Both are operated with 
natural gas. The Chartiers Oil Company’s project is in Coal township, 
Perry County. The depth of the wells ranges from 3200 to 3400 ft. 
The combined weekly production (eight wells) at the beginning of the 
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TABLE 3.—Summary of Wells Completed in 1937, Central and Southeastern 


Ohio Fields 

Number | Number | Produc- | Number | Produc- | Number 

County of Com- of Oil tion of of Gas |tion of Gas,| of Dry 

pletions Wells Oil, Bbl. Wells M Cu. Ft Holes 
JACEE SIG Ite es te Mn A ce 24 3 33 12) |) 14,732 9 
PAS AOL Dyson ei crawitneia 5 0 0 2 60 3 
PAUL Simeee mame .aliccnass it: 81 14 55 36 Ts) 31 
ESC MIMOT Gears attstst stone. cata one 39 7 24 16 8,596 16 
CONROE | Oe ee ae 16 4 11 3 250 9 
@olumbiana ss ech. 29 3 8 9 1,058 17 
Coshoctonenc.27. 6.6.4... 16 9 559 2 837 6 
GulyaQhOtan., sees se yas 7 1 16 5 1,416 1 
WCLAWATE: a o.4 fe sit na es 1 0 0 0 0 1 
TAGS ARE [i evans eaten ie ieee 15 0 0 al 1,421 4. 
(COIINEY. Sa oA eae ESD ee 1 0 0 1 42 0 
(GHIVCTETIS(ENy Seip cag omer eae ee 82 0 0 44 9,332 38 
EVAISOMED fey eters nas eae: 4 0 0 0 0 4 
VOC KIM Gee cericci spat is goss 20 8 225 6 1,163 6 
ETON MICS eal., fancishalh cemcrs ot lyf 1 37 9 3,883 7 
FEIUIMO Mena is ter ske sizer cierto 27 0 0 25 7,641 2 
PRELECTSOM Me cies cushieess cs.s 28 7 fel 8 7,014 13 
IRS TIGD- OES 5 ane p aCe 58 19 1,489 22 | 18,767 17 
paREN CE ma kris clebe ale = 4 0 0 4 1,038 0 
Licking. 88 54 1,250 15 1,083 19 
OLE ee ee eM ack cette s&s Sil! 0 0) 19 | 12,237 2 
Mahoning. 4-20. e.2e7-° - a 3 ? 1 ? 3) 
DP ecina Manns tcr ie Se. a 63 30 209 9 7,116 24 
IM IGiECET. © Sickert es RSS ee 95 4 8 57 | 18,929 34 
IMionroce trio ote as. Tek Al 14 32 18 3,649 9 
IMI@FER aS BE aes een ene 42 13 24 18 4,949 11 
Muskingum 43 18 936 8 | 11,774 17 
IN Gble tana se ie meneaigsn ess 36 6 10 16 1,722 14 
ernygie tr tea erence eter 52 15 713 20 8,013 Ney 
HP ONGAD Care > sem Sts nucle. i 2 0 0 0 0 2 
Tesvkol I iaWe cS 5 eal kee eels ce Py 0 0 0 0 2 
~ Scioto 2 0 0 0 0 2, 
Starkepate. ee tat eta 48 0 0 41 | 40,859 if 
SHANE LL epee ee cae ree 16 0 0 11 13,391 is 
Brim bulge cues, oes = ot 2 0 0 0 ) 2 
PPUBEATAWAB es 2. pens <2 22) 0 0 11 9,811 10 
Wile GOT ea tet ay enim Sys 12 4 ifs) 6 349 2 
Washington...........-.- 105 36 142 24 2,862 45 
\ WEN ai oieasone oe ot one eae 13 0 0 3 380 10 
SEOtal tania niaa toes 1,196 273 5,807 492 | 221,889 431 
otal Lams oa fei 82s os 75 44 1,282 iat 552 20 
Grand total 1937......... 1,271 317 7,089 503 | 222,441 451 
Grand total 1936......... als 263 6,631 570 324 
Differences: 4. iat fie 3003 41144 + 64.) + 4581-67 E127 
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experiment was 20 bbl. At the end of a 12-month period, it had been 
increased to an average of 250 bbl. per week. The project is now three 
years old. 


TaBLE 4.—Summary of Holes Drilled in Ohio in 1937, Exclusive of 
Deepening Operations 


, Feet yee eros ote ate ope vg es ppg 

es Drilled | Wer | oo Wells "Potal «> stolen ah atts 
Poellow.a eee 305 115 38 73 24 117 38 
Berea ndasatomee 465 167 36 119 26 179 38 
Shale Def 22 82 0 0 5 18 
Linke ah eet os 20 17 85 2 10 1 5 
Austinburg...... 5 2 40 0 0 3 60 
Oriskan yes .ne 6 2 33 0 0 4 67 
Newburg........ 2 1 50 0 0 1 50 
Clintons 364 166 45 79 22 119 33 
LLentonmec see. 74 11 14 44 61 19 25 
St. Peters. = o5. 3 0 0 0 0 3 100 
TOthl seen ete 1,271 503 40 317 25 451 35 


The Preston Oil Co. began a similar experiment in 1936, in Starr town- 
ship, Hocking County, and it is operating successfully at the present time. 
Twenty-three wells are involved in this project. 


TABLE 5.—Initial Volumes 
re 


Total Initial Volume Average Initial Volume 
Sand 
M Cu. Ft. Bbl. M Cu. Ft. Bbl. 

BOGNOW ices v0 ait ete in 41,546 221 361 3 
Gran e erat rte Mia ee 30,135 610 186 5 
Shale. Gite seme, heen eee 5,111 464 

TSI WSS Beets eat os tears, Seen er 5,156 13 303 6.5 
Austinburg....... rlentar orate hie 60 30 

OTISk EN Vind Mite) it a ee ee. 905 452 

IN OWDUIE ght tienen tee Reet 800 800 

Tinto ag of feac ie a heutaioes 138,176 4,963 832 63 
LTODCODUN. © aied wet fob gic, eae ak 552 1,282 55 30 
LOLA pastor sitet Pines 222,441 7,089 443 22 


GrOoPHYSICAL WorkK 


Considerable seismic work was done in the southeastern portion of 
the state during the year, particularly in Washington, Noble, Meigs, 
Athens and Morgan Counties. This was largely brought about by the 


a 


A 


DEWITT T. RING 471 


present Oriskany sand development in West Virginia. Two or three 
interesting wildcat tests will be drilled in the Ohio Valley during 1938 
in an effort to locate the western margin of the Oriskany sand. 


TaB_e 6.—Total Production of Oil in Ohio 


THOUSANDS OF BARRELS 


Year Production Year Production Year Production 
1876 32 1897 21,561 1918 7,368 
1877 30 1898 18,739 1919 7,736 
1878 38 1899 21,142 1920 7,400 
1879 29 1900 22,363 1921 7,335 
1880 39 1901 21,648 1922 6,781 
1881 34 1902 21,014 1923 7,085 
1882 40 1903 20,480 1924 6,811 
1883 47 1904 18,877 1925 7,212 
1884 90 1905 16,347 1926 7,272 
1885 662 1906 14,788 1927 7,593 
1886 1,782 1907 12,207 1928 7,015 
1887 5,023 1908 10,859 1929 6,743 
1888 10,011 1909 10,663 1930 6,519 
1889 12,472 1910 9,916 1931 5,327 
1890 16,125 1911 8,817 1932 4,644 
1891 17,740 1912 8,969 1933 4,264 
1892 16,363 1913 8,781 1934 4,234 
1893 16,249 1914 8,536 1935 4,070 
1894 16,792 1915 . 7,825 1936 3,791 
1895 19,545 1916 7,744 1937 3,654 
1896 23,941 1917 7,751 


PrRE-CAMBRIAN TESTS 


Two tests were abandoned during the year in the pre-Cambrian rocks; 
one in sec. 3, Orange township, Delaware County, was bottomed at 
4291 ft., presumably about 350 ft. in pre-Cambrian material. The other 
test is in sec. 2, Peru township, Huron County, and reached a depth of 
4270 ft. Preliminary examination of cuttings indicates probably 100 ft. 
of pre-Cambrian. ; 
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Petroleum Development in Oklahoma in 1937 


By H. E. Rorscuacu* 


(New York Meeting, February, 1938) 


Activity in Oklahoma oil fields made 1937 one of the best years since 
1926. During the year, 3454 wells were completed, an increase of about 
25 per cent over the year 1936. Purchasers’ reports filed with the Cor- 
poration Commission of the State of Oklahoma showed a total of 221,842,- 
788 bbl. of oil purchased from leases in 1937, an increase of about 10 per 
cent over 1936. The assembly of a complete table of all of the oil fields 
in Oklahoma has not yet been achieved. Many of the early records of 
operators and pipe-line companies are incomplete. Table 1 includes all 
of the new fields, and this year there has been added work done covering 
pools discovered in previous years, so that most of the important fields in 
the state of Oklahoma are included therein. 

The outstanding development of the year was the discovery of the 
producing horizon classified as the Wilcox in western Payne County by 
the Mid-Continent Petroleum Corporation on a unitized block in see. 18, 
Tp. 18 N., R. 2 E. This block is operated by the Mid-Continent and 
owned in conjunction with the Carter Oil Co., Transwestern Oil Co. and 
Sinclair-Prairie Oil Co. Another important development of the year 
was the extension of the deep zone in the old Fox-Milroy area of Carter 
and Stephens Counties. 

Some of the other discoveries made during the year 1937 are South 
Cromwell, discovered by Sinclair-Prairie Oil Co. ; Cromwell extension of 
the Fitts pool in Pontotoc County; discovery of the Langston area in 
Logan County; discovery of the Sporn area in Lincoln County by Skelly 
Oil Co. and the discovery of the North Wellston area in Lincoln County 
by Standard Oil & Gas Co. Table 2 shows the new oil areas discovered in 
Oklahoma during the year 1937 and areas that were discovered in 1936 
but developed in 1937. 

Fox-Milroy Area.—Three wells were completed to the deep producing 
zone during the year. One of the wells completed in the early part of the 
year was the Carter Oil Company’s No. 1 Harley in sec. 24, Tp. 2 Saves 
4 W., 314 miles northwest of the original discovery well, the Ruth 
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Williams No. 1, completed June 2, 1936, by the Carter Oil Co. in sec. 27, 
Tp. 28.,R.3 W. The Gulf completed two wells in the latter part of the 
year, No. 1 Johnson in sec. 27, Tp. 2 8., R. 3 W., and No. 1 Smith in 
sec. 26, Tp. 28., R.3 W. The discovery well, No. 1 Ruth Williams, 
produced approximately 364,000 bbl. up to the end of 1937. 

At the end of the year, Gulf Oil Corporation was commencing opera- 
tions on several wells in secs. 27 and 28, Tp. 2 S., R. 3 W., which were 
started for the deep zone. Carter Oil Co. had announced a new location 
for the deep zone in sec. 36 and the Wirt Franklin Petroleum Corporation 
had announced one for sec. 27. 

It appears that the year 1938 should see the definition of an additional 
area of this deep zone. A map of the area is shown on Fig. 1. 

Fitts Pool_—The Fitts area, Pontotoc County, was extended during the 
year, and two producing horizons, the Cromwell and Gilcrease, assumed 
considerable importance during the year 1937. 

Moore Pool.—The Moore pool, Cleveland County, opened by the 
Sinclair-Prairie, saw continued activity. Bottom-hole pressures declined 
at the end of the year to about 900-lb. pressure. 

Oklahoma City Pool—The Oklahoma City pool saw the completion 
and outlining of the north part of the pool. Bottom-hole pressures have 
declined to the point where most of the wells in the capitol extension area 
are being produced by submersible electric centrifugal pumps or by gas 
lift and many wells have had to be pumped on the beam by using the 
conventional rods and tubing. Pawhuska lime and Tonkawa sand 
production has been opened up in the south part of the field. Many of 
the exhausted deep wells will be plugged back to the upper horizons and 
attempts made to produce from these zones during the year 1938. 

Jesse Pool.—The Jesse pool, Pontotoc County, continued to be 
developed further, with several large producers completed during the 
year 1937. 

Greater Seminole Area.—Production increased in many of the pools of 
the Greater Seminole area, owing to the removal of proration in the 
middle of the year. New areas were developed in the general Seminole 
district during the year, the Traugh Sonora sand; the Traugh deep sand; 
the East Shawnee and the North Shawnee district and some production 
was secured in the Tecumseh area. Sinclair-Prairie opened an extension 
to the Cromwell pool, which was termed the South Cromwell. Several 
small pools have been opened in the general Seminole area in the upper 
zones that lie above the Wilcox. 

Southern Oklahoma.—During the year, the Indian Territory Illuminat- 
ing Oil Co. opened the Frederick and Frederick-Hattler area in Tillman 
County. A deep zone in the Doyle pool was opened by Helmerich & 


_ Payne in the early part of the year. This was an old, shallow pool, which 
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TasBiE 1.—Oil and Gas Production in Oklahoma in 1937 


Area Proved, Acres 


Total Oil Production, 
Bbl. 


. Field, County ays ; 
: naar) Oil r . 

q 2%! oi | and | Gas | Total | TOfndof | During 
= i) Gas¢ 

© 9 
z= for 
=) < ; 

TR IPACAINIS ELUGNGS pat ts anos sales «te ceviche tans 2 200 200 249,196 64,846 
2 | Allen and West Allen, Pontotoc.................. 24 300 300 | 42,003,601] 2,812,947 

SU PALUIGL A GCKRGNES ON MO hc ae ce ec at os.3.b¢ 4 490 490 182,500 

4 | Asher-Wanette, Pottawatomie................... 8 675 675 6,845,259 193,220 

5 | Bethel, Seminole... .............- 45. .|14 570 570 43,680 

6 | Bethel, North, Seminole. . 114 320 320 981,714 16,671 

ian esas Nob Le eh aic at cosy singer: csrne cists © ue lee 600 60 600 y 

8) Billings-Wilox, Mable. 2. 5.66 00.632 stew cis yee om 2 2,439,028 141,362 

(| LE Tgeia (0 15 ie Ue aciean ei iia cat eee oe 4 10 10 26,906 9,739 
1Oul Bowlers, Seminole. .5.. ccccniecvc.scccvssevenee 11 3,820 3,820 | 108,043,166] 4,319, it 
11 | Braman, North and South, Kay................. 14 910 185 1,095 

12 | Britton, North, Oklahoma.................202.. 3 100 100 341,143 150,318 
13 | Britton, South, Oklahoma......................- 3 250 250 1,181,490 595,323 
eee RSrOCKIEGANLOh mecie ante mene sinew si wea vile dares Ls 16 600 600 3,896,000 150,000 
dd5epburbank, Osage; Kays. icici cases os. cew eas ets 17 22,210 230 | 22,440 | 10,038,800) 2,829,000 
MGC aldwell Grant, ood ue. cqen es oe mereits alee vive 9 30 30 y 
ZAG ALE OMGY,  SEMANOLED « « arsieierston eons s Hale ads wie ear aie 10 1,060 1,060 | 27,209,644) 2,205,001 
18 | Carter-Knox, Grady-Stephens................... 13 1,880 250 2,130 | 12,431,000 534,000 
RO MIORMCht \CGAd0 a) ce ussiree sc kig sea oie s Seshenaveraia = 21 621,198 
Oe Ohandlers Lincoldotc. ce lev Gea vce vena ses aivea ne 13 1,160 1,160 1,719,299 y 
PF AmACHOVEIAN Us E GWNEEs aici icctoc 0 bus sre avons, os e'tleleve’s 34 9,720 9,720 654,559 
MIMO TESCONU,cLOGAI: acces wya risi<tass iw « aiicraiplor¥l aysvorelel cael eies 5 1,010 1,010 9,215,091] 2,233,414 
BSE Cromvells emi NOle vac cous. eis sciewia shale ches {15 4,790 130 4,920 | 52,809,000) 1,330,000 
de GOMISHIM ORCC at ase afer tectarsix cisiaieaie tearp ees He oO pis. 26 23,528 23,528 4,085,879 
Dn DAVEHDOL, LANCOUD: once -is a iota y Gheolels ash ates 2 ote 12 2,000 2,000 y 
PEUIUDCOD HOCK GUNG. tern helices sisicskom Reeser + 13 520 80 600 y 
DEP ID NEC OY TET NG, cits ir eyo eee naan ee 4 640 640 1,423,808 578,800 
em Walworth a Rag cnatustecs ats we ceria s cia ose aT + 23 5,280 2,720 8,000 y 
29 | Earlsboro, Pottawatomie, Seminole............... 12 4,730 4,730 | 121,143,634) 2,305,594 
30 | Earlsboro, Hast, Seminole............-..6++0006 9 2, 2,000 | 35,537,718) 1,338,492 
31 | Earlsboro, North: Hunton, Seminole............. 2 160 160 3,966 70,441 
32 | Wilcox, Seminole 280 280 537,850 53,132 
33 | Earlsboro, South, Seminol 300 300 8,117,417 226,000 
34 | Edmond, Oklahoma. = 1,040 80 20 1,140 | 11,630,779} 4,386, ier 
BOMPEAIDIAX: (O CUGE en picieed ane e.c.trelereivs o's eins tiavtvee i y y y 
36 | Fitts: Upper Simpson, Hunton, Wilcox, Gilcrease, 

and Cromwell Benda. PONTO. cs cindetekn koe e ee 4 4,230 57,517,334] 19,760,537 
Sia nutts, On Oreels, Pontotoc: J... 0.626 cae ese eae 2 10 54,600 18,660 
38 | South Fitts, Sia hio tae: Sone ee eee 34 320 320 63,603] None 
OW Westsbutts: POntotoe.)a1. -\..<\<\s)ec:n2%is ses sieves mos % 170 170 20,608) | None 
PLOMIMEL OKC ATCT rn Trier ee onc oraask hatte ansnere. eure 22 1,110 420 1,530 350,000 
Ai Boxesimpson, Carter. ..c heccw ise elon. aieye esi eo ete 3 80 80 252,964 81,000 
AMA ean periGan veld. weer ce acron o> ae ve Hevesi vomits 22 3,840 3,840 y 708,038 
ASG CRSIMAN: LANCOUDs «joo cic.2 4.0 4/4 hie a ere o aisreetosre 4 110 110 y 
AION eco ria ti tis treat oe stk, letra ole eahe nite 33 14,720y y y | 14,720y y y 
AGATA NARA COLE ieicat wnciae Gee oie ceie siete ctiawinls - 20 2,520 220 2,740 y 600,000 
AG Gray, PottawAlomie ss. 0. - ster. your ecnneree toes 6 180 180 922,082 560,000 
ATa KOLA WHOM, SEMINOLE a.% 32 Sede: cine eine sce! after : 130 a4 690,078 cat 
AS) Grisso, Pottawatomie... 20.6 c.0s. seen see cena: y ; 
aa efealdtonnOanrteine » asics cone cae celt: nearer 24 8,100 8,100 | 177,682,000) 3,449,000 
OPT ELC WHOL CANTER oa 5 crver~ Sais os Kaclas a ee anne eee alee 19 3,450 3,450 | 83,414,000) 1,644,000 
Bi |) Hominy, Osage...- 2.022.662. e even ees eile 18 300 300 y 30,499 
pal MLominiy2 bias, O8aGe =. seve <2) p11 vitiode «Ales ai teas = 17 450 450 y 28,423 
BOR MELO VtishltTCOllge setts deta: ales aoe tne atte m veces 3 780,830 330,359 
Felt AIRE fa] seis ilo A ey Ge ERE CRE eS cc 14 620 620 y 
a5) | Letvill i GG(Ppr 3 kono nen oce aeRO oben aoe Disb nbn ea 4 80 80 y 33,771 
56 | Jesse, Pontotoc... 1,360 1,360 1,440,480 401,912 
57 | Josey, Okfuskee 300 10 310 y y 
58 | Keokuk Falls, Seminole 2,300 2,300 6,180,201) 2,089,000 
59 | Keokuk Falls-Hunton, Pottawatomie. 291,388 1,231 
60 | Laffoon, Lincoln 60 60 945,000 320,000 
61 | Langston, Logan 300 300 413,579 55,000 
62 | Lincreek, Lincoln-Creek............-.- Rt pisses A 160 160 y 
63 se ad Seminole.......... 5,540 5,540 | 116,360,055) 5,016,042 
i AVeL, WASt, ISEMINOIS, a. crue. ee cae ess 10 

5B es WIGS bTO GO ence So evsts sieves iole eyoigieletsce soe 2 20 20 89,520 39,388 


@ Footnotes to column heads and explanation of symbols are given on page 313. 
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65 40,132 54 2 


Total RE ect: ey ad Peoiotics, Number of Oil and/or Gas Wells 
Be During 1937 At End of 1937 
= Daily c eye 
| During | Average | To End of A&B |*s A=) 
g| 1937 | during | 1937 g2/S=/ 8 | B/E : Bp» | wh | 
2 Nov., 1937 vole |aw/2s| S| 8 | 82/35 E./36/_ 3 
: is) i3|25| 2/2 | 2 | 62 |e5 esal eal ze 
ie Am | A | Seas = oie ele Seales 
1 184,350 873 a 10 6 10 10 
; 2,134,688 5,302 261 
4 153,538 364 40 
5 
965,043 2,539 30 29 30 30 
2,296,789 7,086 . 
4 4,153,084} 10,985 242 
12 180,590 369 9 
13] 537,105] 824 18 
14 125,000 121 121 
- 5,274,855} 12,639 y x y y | 2,204 4 11 1,928 1,928 
17 | 1,951,376 4,912 | 26,977,000 4,900 100 89 89 
a 546,000 1,528 z 225 1 1 143 
= 684,406 1,461 51 
22 | 3,757,172 8,198 
= 1,262,674 3,435 z 492 1 271 
25 
26 
4 633,131 1,554 20 
a] tal 3 = 
1378, F 104 
31 94,299 159 H i : 5 oe 
32 485,057 2,123 28 20 28 . 28 
33 276,496 721 30 21 
34 | 5,674,134 9,655 100 | 26 y 97 1 98 
* y y ye y 
30,622,825) 77,011 
37 35,940 100 1 1 
38 63,603 243 11 
38 63,603 y 7 
2,500 144 
41 162,736 445 : 0 _ . 2 1 8 8 = 
a y y 873 582 z 582 
it ul y y 1,005 y y y y y y y y y y 
46| 433,633] 1,148 . 2] 2 
47 182,915 442 7 
rr 3,620, 000 9 544 
620, H x 2,276 | 75 29 1,937 : 1,937 
ty 1,582,000 4,246 x 908 6 23 779 779 
52 : 7 y 7] y y 
53 392,014 994 14 
54 y y 
55 y y 
56 1,020,154 2.449 30 30. 
e ple Oat y oO} oy y 106 6 91 15 106 
60 250,000 = 
a 220,370 876 y vyloy y 12 9 12 
63 
* 4,088,162} 10,051 336 
HH tt 


Depth, Average in Feet 
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Character of Oil, Approx. Average 


of 1937 during 1937 
Number of Wells arenes End Gravity A.P.I. at 60° F. 
3 Bottoms of | To Top of 
g greguative Productive * Initial g q oe 2 
- ells Zone 2 =| 1936 | 1937 E E B= 2 ‘BOnl es 
g iS) g & ‘ ‘o 5 ao 2 
3 = & 3 | 3 [et | 28 2 
1 (8 2 | e1,500 40 M 
2 y y 30 y 
3 y y 43 y 
4 y x 43 y 
5 40 32 36 0.2 M 
6 3,615 3,630 22 8 1,300 1,300 40 M 
7 y y 41 y 
8 e1,740 e1,720 y y 
9 y y 41 y 
10 y y 40 y y 
11 y y 41 y y 
12 2,000 y 43 y y 
13 2,200 y 43 y y 
14 2,100 38 25 35 0.8 A 
15 2,850 2,700 Eg x 2 x 38 Er P 
16 y y 44 y y 
17 4,205 4,180 89 e320 x y y 40 0.3 M 
18 2,200 1,700 143 z EC. 38 26 35 x x 
19 y y 35 y y 
20 y y 40 y y 
21 y y 37 y y 
22 e2,920 y 42 y y 
23 3,400 271 z x 35 x x 
24 y y 40 y y 
25 y y 46 y y 
26 y y y y y y y 
27 y y 40 y y 
28 y y 40 y y 
29 y y 39 y y 
30 y y y y 39 y y 
31 e1,940 e1,900 40 M 
32 4,650 4,640 28 | e1,385 e1,365 31 M 
33 4,225 4,200 21 ed e350 40 0.3 M 
34 y y e2,900 e1,900 52 38 39 y P 
35 y y 38 y y 
36 
37 £ 2c 87.9 | y y 
38 
39 
40 2,500 2,200 500-2,900 y 46 27 y y M 
41 8,037 7,950 2 & fs 30 x ig 
42 4,200 1,100 y y 44 y y 
43 y y - y ¥ 
4 y y y Op Ma) x 
ra : 750 y 36 26 32 y M 
46 3,475 2,500 24 | e1,440 ra 40 oe M 
47 y y 40 y y 
48 4,050 4,030 35 x M 
49 1,500 1,937 = z 32 29 31 % z 
50 1,700 779 x £ 36 31 34 Ed 2 
51 2,685 2,625 y y 41 37 y y 
52 2,210 2,160 y y 36 34 y y 
53 5,100 y y y 41 y y 
54 y y y 39 y y 
55 4,800 y y y 42 y y 
56 4,633 ae y y vP : 
3,650 i y y 
4 4,152 4,117 1,828 1,400 41.6 | 39.4} 40 2 £ 
59 y y 41 y y 
60 4,275 4,190 e1,872 e275 PDEA F3 A 
61 5,145 5,100 9 3 z y x fa 40 a M 
62 y y 32 y y 
63 y y 39 y y 
y y 36 y y 
Ms y y 40 y y 
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TABLE 1.—(Continued) 
; Deepest Zone Tested 
Producing Rock to End of 1937 
o 
SF 
Bg 
» ss 
=o Fas) 
8 ae ApS 
g Name Age/ S - 4S * SF = Name pee 
S) 2 2 5B 5 ke $s om 
a € /8 168) © eee ag 
g 41/68 |s5| 2 [Bea sg 
3 5 ay Z, we zee ra 
1 | Hunton-Misener Sil-Mis xese te 15 A Wilcox 4,317 
2 | Cromwell-Wilcox Pen-Ord 8 Por y AF y y 
3 | Granite wash Pen s Por 30 D 
4}y y y y y y 
5 | Booch Pen $ silty 27y ML 
6 | Cromwell Pen 8 Por 20 A 2 | Cromwell 
7 | Hoover Pen 8 Por 50 A 
8 | Wilcox Ord s Por A 
9 | Binger Pen 8 Por y y 
10 | Wilcox or Simpson Ord S Por 30 A 
11 | Various Pen-Ord SL Por y A 
12 | Simpson Ord D,L Per A 
13 | Simpson Ord D,L Por 50 AF 
14 | Various Pen S Por AF Ord lime 3,000 
15 | Burbank Pen s Por 60 ML Granite 4,240 
16 | Wileox Ord 8 Por 6 A 
17 | Hunton-Wilcox Pen-Ord L-S Por x A Wilcox 4,210 
18 | Various Per 5 15-20 | 15 AF 8,963 
19 | Caddo, Fortuna Per-Pen Ss y yu y 
20 | Wilcox : Ord s Por x A 
21 | Cleveland-Bartlesville Pen Ny} Por y y 
22 | Layton-2nd Wilcox Pen-Ord 8 23 7] AF 
23 | Cromwell : Pen S) Por z AF Wilcox 4,226 
24 | Numerous Horizons Pen-Ord 8, L Por < AF 
25 | Prue Pen ] Por 50 ML 
26 | Wilcox, Bartlesville Pen-Ord 8 Por 50 A 
27 | Hunton-Cromwell Sil, Pen §,L Por 30 y 
28 | Various : Ord, Per, Pen | §8,SL | Por y A 
29 | Earlsboro-Wilcox Pen-Ord y y y y 
30] y j y y y y y y 
31 | Hunton Sil L A Wilcox | 4,680 
32 | Wilcox Ord 8 Por 10 A Wilcox 4,680 
33 | Wilcox Ord 8 Por 25 A Wilcox 4,225 
34 | Wilcox Ord § Por Vv AF Arbuckle f 
35 | Burbank Pen Ny 20-25 y ML 
36 
37 | Oil Creek Ord § Por 10 AF 
38 | Bromide Ord s Por 
39 | Cromwell Pen $ Por 
40 ce he : 30 z A 
41 | Simpson r x z AF Simpson 105 
42 Various Per-Pen-Ord 8,L | Por y AF y a : y 
43 abi eae : re y M 
44 | Glenn, Wilcox en-Or ‘or y ML y | Arbuckle 2,964 
45 | Deese Lower Pen s 28-30 | 45-70 A Dornicks Hills | 5,180 
46 | Wilcox d Ord 8 Por | 25 A Wilcox 3,500 
47 | Hunton, Simpson dolomite Sil, Ord SL y y y y 
48 | Hunton Sil L x x 14 Wilcox 4,860 
49 | Various Pen-Ord SL Por x AF Arbuckle x 
50] Hoxbar : Pen .) 15-20 | 50 - AF Arbuckle z 
51 | Burgen-Siliceous lime Ord 8, D z 50 A Arbuckle 3,206 
52 | Bartlesville Pen Ss x 7] A Arbuckle 2,857 
53 | Ist Wilcox Ord 8 Por y y y y 
54 | Various Pen-Ord SL Por y AF yv y 
55 | Layton Pen Ss Por v y y y 
56 | McLish Ord 8 Por y AF y 
57 | Wiloox Ord Be sacal tee D Wilcox 3,700 
58 | Misener-Hunton Mis, Sil SL y 15-20 A Wilcox 4,483 
59 | Hunton Sil L y y y : 
Bt | Wileox Ord Stil ie ies: heap ae 
ilcox or x A 1 | Wilcox 
62 | Wilcox Ord 8 Por 7 0: 5,194 
63 | y y y y y y 
64 | Cromwell-Wilcox Pen, Ord Ss Por y y 
65 | Wilcox Ord 8 Por y y 
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Area Proved, Acres Total DA Veodotiot 
be Field, County 
3 £5 Oil : 
E ga] Oil and | Gas | Total To one of Paring 
5 O45 Gas* 
© on 
5 G5 
an! =< 
Lucien, Noble 
66 Hasta MisenGn areata it ieee. ices cee onl 3 10 10 109,864 36,618 
67 CEES eae ee 6 ag ee 3 10 10 121,527| 36,472 
68 North Mr ge sick Sod. oreagtogsovennse oe 2 160 160 145,005 10,436 
69 I CleRaep ear MEER NA: Gali hc ayaa odes cuca 5 2,660 2,660 16,888,278) 4,401, a 
ap tarshall, Logan .. <A. 40.00 eee cc cetiedeiees te 11 700 240 940 
71 | Maud, Pottawatomie-Seminole................... 9 1,440 1,440 | 10,806,230 340. 000 
Pombeker LAncoln in sc cdegs cnecce esas ceanentanss 3 10 10 None 
MM GNLISTIOR SOMITE Hf xs anne cotidle phone cteaensterres 11 23,372,490 888,860 
74 | Moore, Cleveland...............-..-. i Spee 3 | 1,060 1,060 | 4,175,280] _ 441,048 
Pan NAVAL WOGOEVG, O80G0.c 04.00 c cucu coienceeecns 10 2,720 160 2,880 4,500,748} 2,708,014 
76} Nicoma Park, Oklahoma............00052000snecs 8 310,420 20,998 
Oklahoma City, Oklahoma 
77 ANE USTO gece ro ee rT IE pete ec ea 8 6,900 6,900 | 285,933,861) 42,688,205 
78 Gow crisin pSON seer rencta ca atte ascribe ye 9 10,000 10,000 96,883,978) 8,044,564 
79 Hevelsn duration anne mut ro Gerona eat = 9 80 80 1,376,409 537,751 
80 Other: Bones Gs eevee ce eessck er « 9 570 | 1,020 1,590 | 19,857,840 80,202 
81 Upper UNDSONC oe Wan eee la etom sent. ee 5 10 10 841,364 45,768 
82 | Olympic, Hughes, Okfuskee..................55- 4 4,400 4,400 6,005,958} 2,795,408 
83 | North Olympic, Hughes, Okfuskee............... 1 1,077,340 13,151 
RARIOLOGS O1EVS IN OIE ame naiee ao sidia civ djaplo sates s 7 10 10 y 
aE LO SUOUUH GOT aire sO Cod ie le Biaencreunre Ci cralsionz w.cuetere 20 3,300 3,300 y 
86 | Papoose, Hughes, Okfuskee................0.005 14 2,400 2,400 350,000 
PRE MSER I MICISIRGO: BERR eth ores 8, ieee. 4, sake Bete 18 380 380 y 
88 | Polo, Noble RAG ints Ug ae eRe ene Scarier 4 390 390 2,722,168} 1,041,611 
MOMINPONCH CIV A GUS nei aes clerarae cic On aie elven lone 27 1,670 1,670 y 
OGLPRipley North, Laynes: Wencieelacs <0 cals eerste ne 10 90 90 y 
91 | Robberson, Gareth eck, La ohh Vor 17 1,480 320 1,800 500,000 
92 | St. Louis, Pottawatomie-Seminole...............+ 12 7,300 7,300 | 111,285,674) 8,348,313 
93 ea ar INBINITOLG eaten Oe tee tecenm ara nie’s 10 560 560 7,627,549 426,292 
94 WU CORAM ee eiece Smeds ano aa dlec-le eee 3 668,249 303,483 
95 Townsite ee ah Metra dnts enti ea, Oa cps 5 120 120 1,797,982 308,727 
96 DEALS HE Penh ee otic ae dnieic bee eects 12 1,300 1,300 | 32,321,159 829,194 
97 | Searight, North, Seminole...... ascniie oe Ce 4 310 310 2,058,858 908,337 
98 | Seminole, Seminol Bar kas RSS hie eae oa? 12 4,150 4,150 124,600,000 4,857,929 
99 | Seminole, West, Seminole...............0.00005 8 260 260 10,675,289) 2,048,000 
100-) Shawnee, Pottawatomie..........22..--+ 0052000 4 640 640 28,153 209,510 
101 | Sholom Alechem, Carter-Stephens..............-. 14 4,180 220 4,400 1,273,000 
NOQE OO waAbels LOU lec vars cauces ov eles nla scless wieistsielelays 3 120 120 410,695 270,000 
Ova edratiray COTO eee sexes aiciane 2 miners 26s sasscae 11 2,230 2,230 y| 1,280,000 
NOSE MUN OMAR INAY ceri item tn o-8 Mejcrua des w.cosiaiens) once 14 140 140 y y 
AGE Lp tOM, MACKS: «acces slo «ices alcieeresis te anes 3 330 330 y y 
106 | Tipton-Arbuckle, Jackson......5.....0...-000-6- 2 280 280 y 211,180 
POUAIMEODKRWA KOU NOI. «oc cecil c.c cae ces an eiele of 17 2,300 2,300 y y 
Sa MLNS SN CUT adnate othe stew viele 's weltivuteie estore as 5 360 360 y 231,000 
GME VCPHOR EA Yeo ch otrd elas nians jane ‘giv eves chai Sle araNiass (e 14 920 920 y y 
AMMEN OS ATCT OY co wis, ik aiscaviphamert ois Oe so) tun gs susie ar Fove 18 y y 
APACE REGHOTT EE GUWTEE’., <0 <.. 2 sic eyolwieini 8 ara cares 2 Se wes 22 320 320 y y 
112 | Wewoka and Wewoka Townsite, Seminole........ 15 2,150 2,150 y 
SA Sei nW hookers Cantera cctes 6 aicies«..ci nese aie sieereereniee 540 160 700 y 39,000 
114 | Wilzetta, Lincoln..... 200 200 563,000 145,000 
115 | Zimmerman, Lincoln 40 40 y 
Hbale Marathon wWNOblC.ch ow.) ccmsiciee sas donee Ae 31,660 
VAD ORAS CMINOLE ste. + 2 ai cles a oahe vei > Woarctere nos 760 760 451,041 
118 | Fish-Cromwell, Hughes, Seminole...............- 8 5,185,535 976,843 
119 | Fish-Wilcox, Hughes, Semitniole® mee wap ren cicrat nner 4 4,471,648] 1,888,844 
120 Milroy-Deep, SLODHeNS ae orca ace ten ine 1g 10 10 93,552) None 
121 | Shawnee-Hast, Pottowatomie..............--+.5 10 10 12,862} None 
122 | Shawnee-North, Pottowatomie.............-...-- 14 10 10 26,316] None 
HPSaIR DOLL TTCOM aie: b taniel se aeeanirawngeueeere hs alse 1 90 90 214,181) None 
Teen Lecumsehy Potiowatomie.. 2... ccs ~ 25 evn vaste ais 10 10 26,051) None 
125 | Traugh, Deep, SEMTHOIESS, Sanction cance shone yA 44 190 190 23,863 None 
126 | Traugh, Shallow, Seminole.................0005 1 340 340 297,172} None 
127 | Wellston-North, Lincoln. ..........0..0-ses vues 2 490 490 388,245 6,422 
128 | Jesse Hunton, dF SHINO 51 ate SR RU aa ee 4 110 110 170,292 
PAO a ACONA WA, SEMINOCr recite. aeiee ccnveiale Helersiime pues 8 13,265,719 618,206 
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TaBLE 1.—(Continued) 


Total Oil Production, Total Gas Production, . 
Bbl. Millions Cu. Ft. Nawiber of Os snaiiee Se 70a 
rl During 1937 At End of 1937 
rf Daily a gr 
8 | During | Average | To End of 5 Pay 2 
@| 1937 | during | 1937 gi /3=| 2/2 |% F we le, | ee] 2 
2 Nov., 1937 2 wies/ 2] O|ss 'sB.|36]_ 3 
Z ’ Be ERS &. Bees roa zg S> =} Sao! 3 33 
: 8/28/98 |52| 2 | 2 | £2 | 25 fea] #2 | FE 
= A“|A=/S7185 is) = [6 A IA Ay = 
68,438 100 1 
33,172 63 1 
134,569 460 4 
4,968,169} 11,811 118 
268,422 626 69 69 
774,825 1,844 70 
3,743,220 8,781 37 
2,087,016 4,962 237 
76 2 
77 | 45,628,117) 105,121 
78 | 7,252,819 
79 311,264 659 
80 608,689 
81 580,948 
82 | 3,181,303 557 219 
83 | 1,014,189 2,532 107 
84 
85 : 
s 77 77 77 
88 425,889 769 36 1 1 34 34 
89 
90 
91 0 
92 | 7,434,909) 18,928 613 
93 331,265 852 36 
94 346,109 791 7 
95 242,258 534 8 
96 759,822 1,943 72 
97 847,005 1,876 18 
98 | 4,293,837 320 
99 | 1,205,850 2,960 27 27 27 
100 471,227 1,394 22 
101 0 
102 103,528 144 6 0 2 4 4 
103 y 0 
104 y 
105 y 
106 y 
107 y 
108 y 
109 y 
110 y 
111 y 
112 v 
113 7] 0 
114} 165,000] 490 s| 4 8 8 
115 y 
116 
117 350,926 2,297 19 
118|  715,360| 1,647 44 
119 | 909,196} 1,746 33 
120 93,552 y 1 
121 12,862 26 1 
122 26,316 222 1 
123} 214°181 10 
124 26,051 100 if 
125 23,863 y 2 
126 297,172 1,247 18 
127| 381,823] 1.361 24 


587,629 
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TABLE 1.—(Continued) 


PS LR a ee 


Oi Production : 
Depth, Average in Feet | Methods at End | Pressure, Lb. per Sq. In.¢ Character of Oil, Approx. Average 
. of 1937 during 1937 
4 Number of Wells Average. at End! Gravity A.P.I. at 60°F. 
4 g Bottoms of | To Top of 
A g Productive | Productive Tnitial q g = ~ 
- Wells Zone bo Ee 3 5 @ & >a 
| Zz, I c= (ee 1936 | 1937 q ses | 3d a 
e = B | Fi q | e-| SE | as | 8 
+ 3 = = BN NES eee eh 
4 
c 66 y y y y y y y 
€ y y y y y 
68 e2,200 2,200 y y y : y 
69 y y 42 y y 
' 70 1,950 y 40 y y 
71 4,140 4,130 69 e1,000y 50y 39 0.35 M 
72 y 0 y y 32 y y 
73 y y 39 y y 
7 74 47 
75 y y 39 37 39 y y 
3 76 y y 39 y ie 
ai e2,600 y 39 y 
78 e2,660 y 39 y 
79 y y 40 y 
80 y y 
a 81 1,000 
82 y y y y 34 y y 
a 83 y y y y 34 y y 
84 
85 y y 39 y y 
86 17 37 0.1 M 
87 36 
88 4,900 4,823 84 1 7] y 44 40 12 
89 y y 38 y y 
90 y y 43 y y 
91 600 y 33 25 28 M 
92 y y 39 y y 
93 y y 37 y y 
94 y y 37 y 7] 
95 y y 37 y y 
96 y y 38 y y 
97 y y 32 y y 
98 y y 39 y 
99 4,115 4,085 e500 e50 cv M 
an 760 0 ten Shp | a NS Bao M 
402| 4,306 4,300 4 e1,700 e950 40 40 40 M 
103 4 500 0 31 21 28 0 M 
104 y y 41 
105 y y a 
106 y y a6 
107 y Y ie 
108 y y mh 
109 y y 40 
110 y y y y 
111 y y 41 
y y y y y 
112 7 x 38 
113 300 0 21 17 26 0 M 
114 4,290 4,240 h 8) e1,977 y 40 39 39.7 0 M 
115 y Us 
116 1,665 z y y y y y 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
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TaBLE 1.—(Continued) 
‘ Deepest Zone Tested 
Producing Rock Oind of 1937 
A we 
2s 
3 ° 
= © 
be Lee 
= Name Ages % | 2 mete Set Name es 
g pd 5% 7 & = be gs om 
a g 3 Bs 2 5 SoS ad 
A 4/8 ist| 2 [Ste BS 
5 3 SA te Be zor a 
66 | Misener Mis s Por y y 
67 | Viola Ord L Por y y 
68 | Wilcox Ord L-S Por y y 
69 | Wilcox Ord L-S Por y y 
70 | Various Pen, Ord NS] Por y y ] 
71 | Misener-Hunton Mis-Sil S-L Por 10 A 33 | Wilcox 4,330 
72 | Wilcox Ord s Por 6 y 
73 | y R y ¥ y y y 
74 | 2nd Wilcox Ord Por A 
75 | Burbank Pen S = y y 
76 | Trospex Pen Ss Por 12 ML 
77 | Wilcox Ord 8 22.5 y y 
78 | Lower Simpson Ord 8 Por y y 
79 | Cleveland Pen Ss Por y y 
80 | Arbuckle Cam, Ord L Cav y y 
81 | Misener Pen Ss Por y y 
82 | Senora-Colvin Pen 8 Per y y 
83 | Senora-Colvin Pen s Por y y 
84 | Layton Pen Ss Por z y 
85 | Stalnaker-Oswego Pen SL y y y 
86 | Cromwell Pen 8 Por 10 A Wilcox 
87 | Various Pen-Ord LS Por y y : 
88 | Simpson dol., sand Ord SD Por | 45 A 5 | Second Wilcox 
89 | Various Pen-Mis-Ord s y y y 
90 | Wilcox Ord 8 Por y y 
91 | Pontotoc-Simpson Per-Ord SL y y A, AV 
92 | Hunton-Simpson Sil-Ord LS Por y y 
93 | Cromwell-Wilcox Pen-Ord N) Por 7] y 
94 | Wilcox Ord 8 Por vy y 
95 | Wilcox Ord 8 Por y y 
96 | Hunton-Wilcox Sil-Ord SL Por 7] vy 
97 | Wilcox Ord Ss y y uv 
98 | Wilcox (Simpson) Ord S Por y y 
99 | Wilcox Ord S P 30 A Wilcox 4,150 
100 | Earlsbora Pen 8 Por 7] y 
101 | Deese Pen 8 30 40 A 
102} Wilcox Ord Ss Por 6 A Wilcox 4,306 
103 | Deese-Dornick Hills Fouwy: 8 30 60 AM, DL 
104 | Various Pen, Mis, Ord | SL Por 7] z 
ie Not Determined L Por 7] x 
6) y ] 7 y 
107 | Various Pen-Ord Por v = 
108 | Deese Pen 8 Por v A 
109 | Stalnaker Mis 8 Por v x 
110 | Simpson Ord 8 Por y 2 
111 | Wileox-Layton Ord-Pen Ss Por 7] y 
y A y < gf y y y 
112 | Cromwell-Hunton-Wilcox Pen, Sil, Ord L Por y y 
113 | Pontotoc Upper Pen 8 v A 
114 | Hunton Si L z _ 50 A Wilcox 4,520 
115 | Hunton Sil L 7] 20 y 
ret: Wilcox Ord N] Por 34 A 
118 
119 
120 
121 | Wilcox 
122 | Wilcox 
123 | Wilcox 
124 | Dolomite 
125 8 
126 S 
127 | Wilcox 8 


128 


| Hunton 
129 | Cromwell 
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deep well was drilled into a new zone, which has been classified by some as 
being in the Hoxbar series. 

Edmond Pool.—Several wells were completed in the Edmond pool 
during the year. This field appeared to be rather well defined at the end 
of 1937. 

Billings Pool.—Several wells were completed in the deep Wilcox 
horizons in Billings pool for substantial production. 

Tulsa Area.—During the year town-lot activity took place in Tulsa’s 
back yard; 53 wells produced approximately 87,000 bbl. of oil during the 
year. This pool was designated as the Airport pool, being close to 
Tulsa’s municipal airport. 

Water-flooding.—Water-flooding as a means of secondary recovery in 
the old oil fields continued to increase in 1937. Several of the operators 
in the old Nowata pool in Nowata and Rogers County expanded their 
operations. During the year, 427 water-intake wells were drilled in 
eastern Oklahoma. Many of the technical problems are being solved and 
it appears that 1938 will see a continuation of secondary recovery projects 
and some probable additions. New methods are being developed with 
accompanying lower costs. 

Gas Repressuring.—Many gas repressuring projects are being carried 
out in northeastern Oklahoma; 132 wells were drilled for that purpose in 
that part of the state during 1937. A number of pressure wells were 
drilled on the unitized block of approximately 5000 acres in central eastern 
Osage County. This is a unitized project which the Sinclair-Prairie Oil 
Co., Phillips and the Wolverine Petroleum Co. have undertaken. 

South Burbank Unit Block.—The unitization of the South Burbank 
field continued during the year 1937. This block comprises more than 
2400 acres and included most of the producing acreage on the structure. 
By the introduction into the producing horizons of the gas that accom- 
panies the oil, bottom-hole pressures have been maintained without any 
substantial decline for the past several years. 

General.—The disposal of salt water and other oil-field wastes con- 
tinues to be one of the oil industry’s problems. The Oklahoma Planning 
and Resources Board continued to cooperate with the oil industry in the 
disposal of salt water in several of the fields, the oil operators and the 
Board carrying out a cooperative program of salt-water disposal for 
the Fitts pool. 
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Oil and Gas Development in Northern and Central 
Pennsylvania during 1937 


By Arruur C. Stmmons,* Memper A.I.M.E. 


In common with all other producing areas of the United States, 
Pennsylvania enjoyed increased activity and prosperity during 1937 
(Table 1). Prices of crude oil were better than for any year since 1930, 
and the Bradford average was $2.599, compared with an average price 
of $2.60 in 1930. Production and drilling activities were increased over 
1936, although drilling for oil represented almost entirely a program of 
secondary development in both the water-flood areas and the alr-gas 
repressuring areas. 

BrapFrorD O11 Fre.p 


The Bradford oil field continued to produce the major portion of 
Pennsylvania oil; however, no changes occurred in oil-production methods 
during 1937. Practically all of the production in the Bradford field is 
by water-flooding and the total number of oil and water wells completed 
within the area increased from 3205 in 1936 to 4112 in 1937; an increase 
of approximately one-third over 1936 completions. The percentage of 
water wells is approximately one-half of the total completions, although 
any specific five-spot development will have a proportion of 55 to 60 per 
cent water wells and 40 to 45 per cent oil wells. Offsetting and boundary 
oil wells probably will result in a division or percentage of 50 per cent oil 
and 50 per cent water wells. The quoted figures for well completions 
include the entire Bradford field, approximately 12 per cent of which is 
in Cattaraugus County, New York. It is possible to make a segregation 
of production, but it is not possible to segregate well completions. 

Production in the Pennsylvania end of the Bradford field in 1937 
totaled 15,076,000 bbl., or a daily average of 41,300 bbl. compared with 
a daily average of 37,000 bbl. in 1936. 


TABLE 1.—Oil Production in Pennsylvania in 1937 


Bradford Kane-Butler S. W. Pa. Total 


15,076,909 | 3,140,550 967,550 19,185,009 
Daily average, bbl............. 41,300 8,604 2,651 52,562 


« Includes only production in Pennsylvania. 


Manuscript received at the office of the Institute April 12, 1938. 
* Geologist and Petroleum Engineer, Bradford, Pa. 


486 


a 


a, skh) seve see bee a 


ARTHUR C. SIMMONS 487 


Prices for crude oil varied from a minimum of $2.20 to a maximum of 
$2.82, with a yearly average of $2.599. 

No outstanding new developments occurred in water-flooding prac- 
tices, although a gradual trend can be observed toward higher water- 
input pressures and a greater interest and emphasis are now being placed 
on the quantity and quality of the flood water. 


Mip-PENNSYLVANIA AREA 


The areas discussed in this section fall into two natural geographic 
and geologic groups: (1) The Clarendon field, in Mead and Sheffield 
townships, Warren County, Pa., and (2) the producing area extending 
from Grand Valley, Warren County, through Crawford, Venango, Forest 
and Clarion Counties to the Butler County line. These areas contain a 
series of individual and connected pools, which have local names but are 
not of sufficient size or consequent importance to deserve special mention. 

The Clarendon field produces a light amber, 45° gravity oil, which 
has been known on the market as Tiona crude. The main producing 
horizon is the Clarendon sand, which lies at a depth of approximately 
1000 ft. below stream level and geologically occurs in the Chemung 
formation of upper Devonian age. It is a fairly hard, white sandstone, 
capped by a coarse, well cemented conglomeratic sandstone, known as 
the “cap.” The lower part of the sand body grades off into shaly sand 
and interbedded shale lenses, so that there is no definite bottom or lower 
limit. Cores have shown that the upper part, which 1s softer and not as 
well cemented as the lower part, has been the principal pay zone. Satu- 
ration in this upper zone is from 250 to 450 bbl. per acre-foot with a 
permeability ranging from 10 to 100 millidarcys. The thickness of this 
zone varies in different parts of the field from nothing where the sand is 
thin to a maximum of 16ft. The lower zone contains from 100 to 250 bbl. 
per acre-foot and has a permeability of less than one millidarcy. 

During the last few years, several attempts have been made to 
successfully flood this sand. None of these have progressed sufficiently 
to give results that would generally apply to the entire field. One 
five-spot flood started. in 1930. has been physically successful and the 
percentage recovery has been slightly less than a Bradford field average. 
Active operations, commenced in 1935 and 1936, have extended flooding 
in the original and other new areas. There are at present approximately 
200 acres under five-spot flood development. 

The five-spot pattern has been used with well spacings of 330 to 
400 ft. (water to water). Pump pressures vary from 850 to 1200 lb. 
per sq. in., and the average intake quantity is from 6 to 40 bbl. per day, 
depending on the usual factors of sand capacity and pressure. Oil wells 
exhibit the usual characteristics of flood wells. 
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In 1937 approximately 40 water wells were drilled and an equal 
number of oil wells in the Clarendon field. About 95 wells were drilled 
in the rest of the field, to be pumped as natural oil wells. 

Statistics on crude runs from this field are not available, so that the 
effects of these developments cannot as yet be interpreted. It is esti- 


mated, however, that there has occurred an increase in production of | 


approximately 100 bbl. per day. 


TITUSVILLE-O1L City District 


The area beginning at Grand Valley, Warren County, and extending 
southward through parts of Crawford, Forest, Clarion and Venango 
Counties to the Butler County line, contains many small oil pools, some 
of which have local names, but few, if any, can be conveniently designated 
as separate or individual pools. 

The producing horizons in this area are the Venango First, Second, 
Third and Fourth sands, with occasional stray sands locally productive 
and named. It is believed that in many places these stray sands will 
correlate with the major horizons with additional correlation and study. 

The total productive area of this region includes approximately 
188,000 acres, of which 130,000 acres are in the Titusville-Oil City 
district, and the remainder is in scattered, isolated oil-gas pools in Clarion 
and Elk Counties. It is difficult to give a picture of the extent of pro- 
duction by actual surface areas, because in many places the sands overlap 
and some properties produce oil from as many as four horizons. 

The First sand is productive in distinct pools, which have an indefinite 
relationship with each other. The sand is generally coarse to fine white, 
fairly well cemented sandstone. The Second sand is probably the most 
uniform and widespread formation; however, the pools are widely 
scattered. The productive area of the Third sand is greater than either 
the First or Second, and varies considerably, even on a single property, 
ranging from a hard, fine sandstone to a coarse, uncemented conglomerate. 

Considerable coring has been done in the last few years, but the 
results cannot as yet be interpreted with definite conclusions. Several 
cores are necessary on each lease or property before any safe deductions 
can be made. 

The oil content of the Venango sands is more uniform than the 
permeability, but the present oil content varies widely both laterally 
and vertically throughout these areas. The permeability varies over a 
wide range extending from less than one millidarcy in a hard, well 
cemented sand to over 2000 millidarcys in an open conglomerate. 

Intensive developments of secondary recovery were started in 1935 
and 1936, and continued through the early part of 1937. Drilling and 
development activities decreased after the first price decline in August, 
until at the end of the year only a few rigs were in operation. 
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The Oil City Derrick reports the completion of 379 wells in the mid- 
Pennsylvania area, of which 11 were dry, 18 were gas wells, 105 were 
pressure intakes and 245 producing oil wells. This is approximately the 
same amount of drilling that took place in 1936. Production from the 
mid-Pennsylvania increased in 1937, as shown by Fig. 1. The figures 
indicate an increase of approximately 600 bbl. per day, and since they 
represent the whole mid-Pennsylvania area, including the water-flood 
production of the Clarendon field, the net increase of the lower district 
is indicated at 500 bbl. per day. 


1931 1932 1933 1934 1935 1936 1937 
Fic. 1.—AVERAGE DAILY PRODUCTION IN MID-PENNSYLVANIA. 


Only one deep test was attempted in the lower district, and this one. 
in Rockland township, is temporarily shut down before reaching its 
objective, the Oriskany sand. 


New DEVELOPMENTS 


An outstanding new discovery occurred in September of 1937, when 
the discovery well of Niagara Oil Corporation opened a new pool 9 miles 
south of Bradford. The producing horizon is Devonian sand variously 
correlated, named Second, Cherry Grove, Watsonville, or Sliverville. 
This sand is approximately 300 ft. above the Third or Bradford sand of 
the Bradford field, and the discovery well started with an initial pro- 
duction variously estimated at 4000 to 6000 bbl. per day. This discovery 
is an isolated pool, for old wells drilled in the Bradford and Kane sands 
are near by. The productivity, yield and defined area are as yet indefi- 
nite, although at the close of the year several additional flowing wells 
and dry holes had been completed in the immediate vicinity of the first 
well. Such a new oil discovery is very unusual in the old fields of 
Pennsylvania and the economic importance of this discovery is as 
yet undetermined. 

No new Oriskany gas fields were developed during 1937 but additional 
drilling occurred in Hebron, Sabinsville, Harrison, and the near-by fields 


in New York State. 
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New developments in Pennsylvania during 1937 consisted in the main 
of the discovery of the Sliverville pool on Music Mountain, 9 miles south 
of Bradford, and the drilling with rotary equipment of a deep well 
(8000 ft.) in Keating township, Potter County. At the close of 1937 
there were drilling, or contracted for, three deep rotary wells, using heavy 
Mid-Continent rigs, to test the deeper horizons for oil or gas production. 


ACKNOWLEDGMENTS 


Acknowledgment is made to Mr. Norman E. Maxwell, of the Crew- 
Levick Co., Titusville, Pa., for the data and description of the mid- 
Pennsylvania area. 


PS Pe ea Ws 


Pe ee eS ee a MeN 


Oil and Gas Developments in Southern Pennsylvania during 
1937 


By Joun T. Gatny,* Junior Memper A.I.M.E. 


O1L and gas development in southern Pennsylvania during 1937 was 
marked by considerably increased activity in deep-sand drilling. Nine 
tests were completed to the Oriskany sand: one in Independence and 
three in South Beaver townships, Beaver County; one in Franklin town- 
ship, Butler County, two in Slippery Rock township, Lawrence County; 
one in Mt. Pleasant township, Washington County, which is drilling 
below the Oriskany, and one in Fairfield township, Westmoreland 
County. Two of these wells, both of which were in the Blackhawk pool, 
South Beaver township, Beaver County, obtained wet gas with open-flow 
volumes of 1.5 million cu. ft. and 3.1 million cu. ft. and closed-in pressures 
of 1900 lb. The remaining seven were unproductive in the Oriskany. 
Two wells, one in Hampton township, Allegheny County, which is shut 
down temporarily as a result of a gas pocket, and one in South Beaver 
township, Beaver County, are drilling to the Oriskany. 

One deep test on the Chestnut Ridge anticline, South Union town- 
ship, Fayette County, was completed after considerable difficulty as a 
dry gas well in the Onondaga limestone. At this locality the cherty 
limestone is porous as a result of fracturing. Three additional tests are 
under way in the area, one in South Union township, a second in North 
Union township, and a third in Wharton township. 


COMPLETIONS 


Oil.—Despite price cuts and production curtailment of Pennsylvania 
Grade crude, caused largely by a decreasing demand from export markets, 
operation in the shallow oil areas continued at a fairly high rate and a 
number of good wells were completed. Some of these were new wells in 
close proximity to old production and others were old wells drilled into 
deeper pays. One new well of a number of producers drilled to the 
Nineveh Thirty-foot sand in the Harvey pool, Center township, Green 
County, made 400 bbl. of oil and 500 million cu ft. of gas the first 24 hr. 
The Chambers dam pool of Amwell and South Franklin townships, 
Washington County, yielded a number of Fifth Sand producers with 
initials as high as 200 bbl. Several wells in the old Mars-Butler field 
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near Valencia, Adams township, Butler County, were successful com- 
pletions in the Hundred-Foot sand with initial production of 25 bbl. of 
oil accompanied by considerable salt water. In Ross township, Alle- 
gheny County, a well flowing 350 bbl. with considerable gas, from the 
Hundred-Foot sand was brought in and caused a small town-lot excite- 
ment. Subsequent results in finding a pool were disappointing, as only 
one 50-bbl. well gave more than a show from that sand. However, in 
deepening some of the dry holes to the Fifth sand, worth-while gas 
production has been obtained. One well completed recently had an 
initial open flow of 1.5 million cu. ft. with a closed-in pressure of 625 lb. 
In Washington township, Greene County, a well formerly productive 
in the Gas sand was drilled to the Fifty-foot sand, with 100 bbl. 
initial production. 

Gas.—Few of the gas wells drilled gave promise of large reserves. 
However, in the vicinity of Upper Middletown, Menallen township, 
Fayette County, one gas well was brought in making 5 million cu. ft. 
from the Big Injun sand, which caught fire and after being brought 
under control was found to have a closed-in pressure of 600 lb. This 
seems remarkable, inasmuch as considerable gas has been taken from this 
area since development commenced in 1920. Lately, drilling has been 
carried on at a rapid rate and wells having initial open flows of from 1.5 
to 3 million cu. ft. are being found principally along the east flank of the 
plunge of the Fayette anticline from Upper Middletown southwest 
through German, Nicholson and Spring Hill townships. A 5-million-cu.- 
ft. well was completed to the Salt sand in North Strabane township, 
Washington County, but apparently efforts to extend this find into a 
pool have failed. 


EQUIPMENT AND OPERATION 


The heaviest string of casing handled to date in a dry hole in the 
east was successfully landed in the Tully limestone at 6190 ft. in the 
deep test in Mt. Pleasant township, Washington County. This string 
consisted originally of 300 ft. of 38-lb. and 5890 ft. of 36-Ib. 85¢-in. 
Extreme-Line casing and was subsequently extended to 6485 ft. by 
underreaming and setting in the Onondaga limestone. Another long 
string consisting of 7600 ft. of 65¢-in. 26.4-lb. casing was successfully 
landed in the deep test in Fairfield township, Westmoreland outa 
This was also run in a dry hole. 

Cable tools are still employed exclusively in all deep-drilling oper- 
ations, and explosive gas pockets with accompanying caves and resultant 
fishing jobs present the main obstacle to be overcome in keeping drilling 
costs within reasonable bounds. One experiment has been conducted in 
a well in the Blackhawk pool, South Beaver township, Beaver County, 
for the purpose of determining the feasibity of controlling the explosive 
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gas pockets while they are being drilled with cable tools. It had been 
observed that salt water of the character of an Oriskany brine minimized 
the tendency to cave of the shale series in which the gas pockets occur. 
Consequently, a column of approximately 2000 ft. of Oriskany brine - 
was put into the hole at a point 100 ft. above the Tully lime below which 
the gas pockets are expected. No difficulty was experienced in running 
a stem of small diameter and bit of enlarged water course on a swivel 
socket with this column of fluid in the hole until almost 200 ft. had been 
drilled and a number of gas pockets encountered. At this point it was 
found that the column of fluid had become so muddy, even though 
approximately 50 bbl. of brine had been exchanged, that the tools would 
not drill ahead. The fluid was then bailed from the hole, neat cement 
poured in and drilled out after setting for 3 hr. This process was repeated 
but once before the Onondaga limestone was encountered. Thus this 
dangerous part of the hole was drilled as an almost routine matter. 

Tubing under pressure and bottom-hole choking have been employed 
in the Blackhawk pool, resulting in minimizing the danger of running 
tubing, conserving gas and permitting back pressures to be held, which 
are necessary in order to prevent freezing in the sand without the use 
of surface chokes. A plan of unit operation has been effected in this 
pool, which should work to the advantage of both the operator and the 
landowner. 


GEOPHYSICAL WORK 


Seismograph surveys have been conducted in Beaver, Butler, Fayette, 
and Lawrence Counties during 1937, and it appears that the Tully 
limestone is the most suitable reflecting horizon for working subsurface 
structure, as the Tully has been recognized from drill cuttings in the 
deep wells of this area and the rate of divergence between the Tully 
and Oriskany determined with sufficient accuracy to enable the geologist 
to depict the high of the Oriskany structure. A deep horizon, possibly 
the Trenton limestone, approximately 4500 ft. below the Onondaga in 
Beaver County, seems to yield workable reflections. 


LEGISLATION 


A particularly timely piece of legislation has been passed recently by 
the General Assembly of the State as Act. No. 570, which requires the 
filing of records together with locations of wells and reasonable samples 
of drill cuttings and provides penalties for failure so to do. 


OvuTLOOK FoR 1938 


While considerable knowledge concerning not only the deeper but 
also the shallower heretofore mapped structures has been gained from 
seismograph, subsurface, and surface studies, the task of correlating 
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several important key beds has not yet been accomplished, and an 
accurate picture of the deeper structures, particularly those toward the 
Allegheny front, has not yet been obtained, more concentrated and 
intelligent study will be given these problems than ever before. The 
reason for this is obvious. New gas pools are not being discovered 
rapidly enough to make up for the depletion of the old ones, and oil 
production in the Oriskany or deeper horizons in the vicinity of the 
bottom of the Oriskany Basin seems to be within the realm of possibility. 
Improvement in drilling technique, possibly the introduction of the 
rotary, will permit the testing of whatever traps are found. Beyond 
much question, the greatest attempt at development of deeper horizons 
yet undertaken in this area should be made in 1938. 
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Oil and Gas Developments in Tennessee in 1937 


By Kenpauu E. Born,* Junior Memper A.I.M.E. 


Propuction of crude oil in Tennessee during 1937 was slightly over 
37,000 bbl., an 85 per cent increase over the preceding year and the 
highest since 1928. Closer cooperation between the operators and the 
State Division of Geology has resulted in more accurate data than have 
been possible for the past few years. Such cooperation is most desirable, 
especially in this state, which has no law requiring the filling of drilling 
permits, logs, and production figures. 

The increased production for the year has resulted from discoveries 
of four small pools in the shallow district of Clay and near-by counties. 
The most promising of these began production late in 1937 and conse- 
quently has had little effect on the 1937 total. These discoveries, along 
with renewed activities in some of the older areas, have increased the 
production for Clay and adjoining counties from less than 5000 bbl. during 
1936 to over 21,000 bbl. in 1937. 

The Mississippi lime production in Scott and Morgan Counties 
declined from 16,335 bbl. in 1936 to 14,644 bbl. during 1937. While the 
decline curve on this production has been gradual, some of the wells are 
over 20 years old, and it becomes necessary to look for other favorable 
structures in this general region if increased production is to be obtained 
or past production maintained. 

The only natural gas marketed off the lease in Tennessee during 1937 
was in Morgan County, where a small amount was furnished for the town 
of Sunbright and its immediate vicinity. The gas occurs with the oil 
in the Boone Camp field and small amounts were put on the line from the 
near-by Coon Hollow and Seabolt pools. 


DEVELOPMENT 


There were 59 wells spudded in during 1937, of which 18 were drilling 
or only temporarily shut down on Dec. 31, 1937. Of the 41 completions, 
17 produced oil, 5 were gas wells of undetermined quantity, and 19 were 
dry or near-dry holes. The flush production on the new wells totaled 
about 1300 bbl. per day. The more important wildeats are listed in 
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Table 2 and the distribution of oil and gas tests drilled during the year, 
according to physiographic divisions, is given in Table 3. 


Cumberland Plateau 


There was only one completion in 1937 in the coal region of the state. 
The Russell Producing Company’s Markley 1, drilled on the south edge 
of the Coon Hollow pool, was completed in February as a 2-bbl. producer 
from the ‘‘Glenmary” pay of the upper Mississippian. After acidizing 
with 1000 gal. in April, the well pumped 11 bbl. of oil per day and gauged 
30,000 cu. ft. of gas. 

An adverse opinion was handed down late in 1937 by the Railroad 
and Public Utilities Commission on a petition to distribute natural gas 
in Knoxville from the Sunbright field, Morgan County. However, 
interest persists in the gas possibilities of this general area and one well 
is drilling in the central part of Morgan County. 


Northeastern Highland Rim 


The principal oil and gas interest in Tennessee during 1937 centered in 
Clay, Jackson, Overton, Pickett and Fentress Counties on the north- 
eastern Highland Rim. There were 35 completions, 16 of which produced 
oil and 5 gas. Three of the oil wells, which were less than 5 bbl., were 
almost immediately abandoned. There were 15 rigs running in the 
general area on Dec. 31, 1937. 

Clay County.—The most important developments in Clay County in 
1937 were the discoveries of three pools, two of which began production 
late in the year. Interest in the shallow possibilities in Clay County 
were revived early in the year by the drilling in of a flowing well along the 
Tennessee-Kentucky line just north of Lillydale. The well was an old 
one deepened from 711 to 726 ft. During the year the well was drilled 
still deeper and another pay was penetrated. In an effort to extend this 
production, three tests were completed in the immediate vicinity; two 
were dry holes and one furnished a considerable quantity of gas. 

Early in 1937 a test well on the John Hargrove lease, one mile south- 
west of Willow Grove in central Clay County, came in flowing about 
125 bbl. per day at a depth of 671 ft., 195 ft. below the Pencil Cave. The 
location was on a well defined upwarp mapped by the State Division of 
Geology in 1923. For about two months, approximately 100 bbl. per 
day was pumped; the production declined rapidly, the well was drilled 
deeper and a 3-bbl. pay was struck at 750 ft. During the year five other 
wells were drilled on this lease, three of which produced oil from the 
Stones River limestones and one produced a small amount from the lower 
“Sunnybrook” pay just above the Pencil Cave. The Hargrove pool pro- 
duced 10,250 bbl. during the year. The No. 7 well was drilling on Dee. 
31, 1937. 
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In August a test well on the Cordell Hull lease, 4 miles north of 
Celina along Pine Branch, penetrated an oil pay at 481 ft., 55 ft. below 
the Pencil Cave, and pumped 50 bbl. per day for two weeks. When 
deepened to 516 ft. the well flowed an initial of 600 bbl. per day, but the 
production soon leveled off at 120 bbl. Two offset wells had a combined 
production of about 100 bbl. per day. These three wells, known as the 
Pine Branch pool, produced 6993 bbl. during the last four months of 1937. 
In January 1938, a 200-bbl. well was completed in the same pool. 

A 50-bbl. producer in Goodpasture Bend of Obey River, 5 miles east 
of Celina, has opened the possibilities of the general area northeast 
of the old Peterman Bend production. This well, completed late in 


TasuLE 1.—Ozl Production in Tennessee for 1937 


dhe Produc- | Produc- | Number Producing Rock 
& , ears | tionin | tion in | of Wells Struc- 
Z Field, County to End 1936, 1937, Pumped Ghar |P turei 
Es ‘a f aa ar- | Poros- 
5 sea Name Ages acter?| ity” 
1| Glenmary, Scott............- 21 5,012 4,629 4 | Glenmary MisU| L Fis | AF 
2.| Boone Camp, Morgan........ 15 1,541 1,860 12 Boone Camp MisL | LS Fis iy 
3 | Seabolt, Morgan..........--- 9 2,250 2,175 4 Boone Camp MisL | LS Fis T 
4| Coon Hollow, Morgan........ 8 7,532 5,980 5 Glenmary MisL | L Fis 4 
5 | Poplar Cove, Fentress........ 7 Sax Ira 2 Sunnybrook Ord L Fis N 
6 | Beaty, VAGHIT ERG Ae cians. maar 6 mo “Laat 1 Sunnybrook Ord L Fis: D 
7\ Tinsleys Bottom, Clay-Jack- 
BOM peters AS homDdgooe 13 52x 2,005 8 Tinsleys Bottom | Ord L Fis D 
8 | Jouett Creek, Pickett......... 10 530 1 Tinsleys Bottom | Ord L Fis A 
9 | Pine Branch, Clay........... 4 mo. 6,993 3 Tinsleys Bottom | Ord L Fis A 
10 | Hargrove, Clay.............. 10 mo. 10,250 a Tinsleys Bottom | Ord L Fis D 
11 | Goodpasture Bend, Clay..... 2 mo. 5ax 1 Tinsleys Bottom | Ord L Fis N 
12 | Scattered, Clay!........--... bax 1lzzx 5 Tinsleys Bottom | Ord L Fis 


J Footnotes to column heads and explanation of symbols are given on page 313. 
1 Scattered production in Clay County includes the Clark lease north of Miillydale, on the Kentucky-Tennessee line, two 


wells in the Mill Creek district, and the Keisling lease just northeast of Peterman Bend. 

November, reported the pay at 465 ft. 117 ft. below the Pencil Cave. 
The No. 2 well is now drilling. Some half-dozen scattered wells in Clay 
County failed to find production, although all but one were drilled into 
the pay horizons below the Pencil Cave. 

Jackson County.—Efforts during the year to revive the production - 
in Tinsleys Bottom along the Clay-Jackson County line were not encour- 
aging. Several of the old wells, some of which are 10 years old, were put 
on pump with indifferent results. The few wells that were acidized 
responded poorly, although the condition of the holes before acidizing 
is not known. Water appears to be the most important problem. Six 
new wells were completed in the pool, but no consistent pays were found. 
Three of the wells made a small amount of oil. The largest was 60 bbl. 
per day, but the pay was pumped dry after 500 bbl. had been produced. 
The entire pool had a reported production of 2005 bbl. in 1937. 

Late in the year there were plans to clean out and pump some of the 
old wells in the Lock Branch pool, about 6 miles north of Gainesboro along 
Cumberland River. Details of progress are not available at this writing. 
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The deepest test in Jackson County during the year was in the north- 
eastern part. This well, supposedly located on structure, was drilled to 
1443 ft. and abandoned in salt water. At 1200 to 1210 ft. a sandy lime- 
stone was logged, which may represent the so-called ‘‘St. Peter” horizon. 
The green lime, often present about 60 ft. above the “St. Peter,”’ was 
penetrated at 1156 to 1163 feet. 


TaBLE 2.—Important Wildcat Tests Drilled in Tennessee during 1937 


Well Total | Surface | Deepest 
Well Name Ne County Location Drilled by | Depth,) Forma- _ Forma- Remarks 
o. Ft. | tion |tion Tested 
C. H. Buford...} 1 | Clay Goodpasture Bend | B. Davis et al. 465 | Leipers | Lebanon | Oil; 50 bbl. flush at 
of Obey River, 5 465 ft. 
mileseastof Celina] ‘ : 
John Hargrove..} 1 | Clay One mile southwest | Crispin, Hedg-| 800 | Leipers | Stones Oil; 125 bbl. flush 
of Willow Grovein| cock and Cary River at 671 ft.; 3 bbl. 
Stillhouse Hollow pay at 750 ft. 
Cordell Hull....) 1 | Clay Four miles north of | Miller and Over-| 516 | Leipers | Lebanon | Oil: 50 bbl, per day 
Celina on Pine} street at 481 ft.; 600 bbl. 
Branch flush at 516 ft. 
P. P. Beaty...., 2 | Fentress} Gooseneck Bend of | S. P. Lalor et al. | 640 | Osage | Trenton | Oil; 100 bbl. flush at 
Obey River, about 640 ft. in lower 
9 miles southwest “Sunnybrook” 
of Jamestown 
Thomas Scant- 1 | Jackson | Swan Hollow of | W. F. Carter et | 1,443 | Leipers | Upper Shows. Dry “St. 
land Murphy Branch, | al. Knox Peter” test; shows 
about 8 miles in “Sunnybrook” 
north of Gaines- 
{ ro 
Lem Motlow....| 1 | Moore | On Bennett Branch,} Farnham 1,335 | Osage | Upper Dry. Drilled 
144 miles south-| Brothers Knox through the “St. 
east of Raus ‘| Peter” 
Fletcher-Brown.| 2 | Overton] Near head of | Cox, Greenup, | 1,120 | Leipers | Murfrees- | Oil; small amount 
Mitehell Creek, 14] and Spivy boro at 1020 ft.; now 
mile south of Clay abandoned 
County line ’ 
Andrew Phillips.| 1 | Pickett | One mile southeast | Robinson Oil Co. | 1,404 | Osage | Upper Oil; 600 ft. oil in 
of Vans Branch Knox hole at 1384 to 
School, near Clay 1390 ft. in “St. 
County line Peter” 
Slayton......... 1 | Sumner | Three miles west of | George Shwab | 1,015 Osage | Stones Shows. Dry lower 
Turners Station,| et al. River Ordovician test; 
just south of Ken- show in Silurian at 
; tucky line 160 ft. 
Shepard Heirs...) 1 | Perry | Northern edge of | H. L. White Drig. | Silurian Tested Silurian pos- 
Beardstown sibilities; in lower- 
pda pitas at 850 
be 


Overton County.—Developments in Overton County were in areas 
immediately adjacent to Clay County. Two wells were drilled on the 
same lease on the upper part of Mitchell Creek. One found a heavy 
flow of gas, gauged at 1,840,000 cu. ft., at 772 ft. This pay is 355 ft. 
below the Pencil Cave horizon. The No. 2 well produced a small 
amount of oil from a horizon, probably in the Murfreesboro limestone 
(Stones River), at 1020 ft., 597 ft. below the Pencil Cave. 

Two tests were drilled near the head of Mill Creek, a short distance 
east of the old Mill Creek production, in northwestern Overton County. 
In one test a good show at 600 ft. was shot and the well probably would 
have made 1 bbl. per day. The other was dry to 702 feet. 

Pickett County.—The deepening of an old well in the abandoned pool 
of western Pickett County near the Clay County line resulted in a 
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100-bbl. per day flow at 595 ft. This pool produced a considerable 
amount of oil from the “Sunnybrook”’ horizon about 10 years ago. The 
successful deepening to the sub-Pencil Cave pays of Clay County has 
resulted in renewed activity in the Jouett Creek district. 

The most significant well drilled in Tennessee during 1937 was in the 
northwestern part of Pickett County, where a test penetrated a pay, the 
so-called “St. Peter,” at 1384 to 1390 ft., 1334 ft. below the base of 
the Chattanooga shale. There are reports that 600 ft. of fluid rose in 
the hole, but at the present writing this well has not been put on pump, 
presumably because of the inability of the lessee to round out his block of 
acreage. This well is being watched with interest, since it suggests the 
opportunity for deeper pays in the northeastern Highland Rim region. 

Fentress County.—There were five completions in the Highland Rim 
area of Fentress County; one was an oil producer and three were gassers. 
The producing well is in Gooseneck Bend of Obey River, about 9 miles 
southwest of Jamestown and 2 miles east of the old Spurrier-Riverton 
production. This well, the second on the lease, came in flowing during 
the summer at a depth of 640 ft. in the lower “Sunnybrook”’ horizon 
of the Trenton. Some 2000 bbl. of oil were reported lost before the well 
could be controlled. However, in November it was pumping about 
5 bbl. per day. The No. 1 was a gas well and No. 3 was dry in the same 
horizon, which is producing in the No. 2. 


Middle Tennessee 


In middle Tennessee there were only three completions and all were 
dry or near-dry holes. In Sumner County, on the northern Highland 
Rim, a well drilled on structure penetrated the Chattanooga shale at 
100 to 135 ft., and after encountering a good show in the Louisville 


(Silurian) limestone at 160 ft. was drilled on to 1015 ft. without finding 


encouraging shows in the deeper horizons. This test logged the Pencil 
Cave at 880 to 885 ft. and tested some of the higher ‘‘Tinsleys Bottom” 
pays of Clay and adjoining counties. 

Two tests were drilled in Moore County, in the southern part of the 
eastern Highland Rim, one of which reached a depth of 1335 ft. This test 
penetrated the Chattanooga shale at 98 to 110 ft. and the Pencil Cave 
at 445 to 446 ft. A 10-ft. sandy gray limestone at 1275 to 1285 probably 
represents the “St. Peter” horizon. The other test well was shallow and 
ended in the upper part of the Stones River group of limestones. 

In the Central Basin a 765-ft. test north of Woodbury in Cannon 
County tested the Clay County pays without a show of oil or gas. 

A well now temporarily suspended in Beardstown, Perry County, in 
the Western Valley region encountered about 300 ft. of Silurian beds and 
is now some 550 ft. in Ordovician rocks, probably of Stones River age. 
Only light shows of oil and gas have been reported. 
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West Tennessee 


There were no completions in the Mississippi embayment region of 
Tennessee, although leasing has been active in certain areas. The 
Henderson Oil Company’s Linda Morris 1-C in southern Lake County 
was temporarily suspended in December at a depth of 3130 ft. The top 
of the Paleozoic floor was logged at 2494 ft. Samples from the 636-ft. 
Paleozoic section consist of gray to white rather pure limestones, mag- 
nesian and dolomitic limestones, siliceous limestones, and a few fine to 
medium-grained sandstone beds. Calcite is a common constituent, but 


TABLE 3.—Physiographic Distribution of Wells Drilled in Tennessee in 


1937 
; Tn : 
Physiographic Division, County hikes ‘ Pa oe ts 
Hast Tennessee: Bledsoe................... 1 0 0 0 
Cumberland Plateau: Morgan.............. 0 | 1 0 
Northeastern Highland Rim: Clay........... 18 2 9 1 
SOCKSON Sine Cone OE A eee 1 3 2 0 
Overtones. AE Vite a See eee ied tae 2 2 2 1 
IPA Chett ws Ge Re ee ehce a mi 1 1 2 0 
POntress es Sie ai) ear MPR ae ts AD eet 4 1 1 3 
Eastern Highland Rim: Moore............. 2 0 0 0 
Northern Highland Rim: Sumner........... 1 0 0 0 
Centrali Basins Cannons. meaevunate ee 1 0 0 0 
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chert is rare. Several of the samples showed the presence of a green 
mineral, which may be altered serpentine. 
The age of the Paleozoic rocks underlying the Upper Cretaceous 


sediments in the Mississippi embayment region of western Tennessee 


remains a problem. This is especially true in the Reelfoot Lake area, 
where pre-Cretaceous faulting probably has complicated the regional 
picture. Last year! a tentative Atoka age was assigned to the Paleozoic 
top in a test well in southwestern Obion County. During the past year 
considerable doubt has arisen as to possibilities of lower Pennsylvanian 
rocks in this well. It becomes increasingly evident that additional 
samples must be available from Paleozoic tests in the upper part of the 
Mississippi embayment before anything resembling definite correlations 
will be possible. 
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Development and Production in the East Texas District 


By Watuace RausTron* 


(New York Meeting, February, 1938) 


During the year of 1937, the East Texas district produced 211,194,467 
bbl. of oil and marketed more than 22,329 million cu. ft. of gas; 3377 oil 
and gas wells were completed. During this same period 106 exploratory 
wells were drilled, discovering three new oil fields and one gas-distill- 


ate field. 


FIELDS 


East Texas Field —The East Texas field again led the district as to 
production and number of wells completed. During the year, 2420 oil 
wells were completed, making a total of 24,382 producing wells, which 
produced 171,336,854 bbl. of oil, for a total of 1,156,352,834 bbl. since 
the beginning. During the year the average bottom-hole pressure 
dropped 49 lb., making the average bottom-hole pressure 1119 lb. 
Approximately 3500 wells are making salt water, 20 per cent of them 
making over 80 per cent of the water. During the month of December, 
the daily average production of salt water was 119,000 barrels. 

Talco Field, Titus and Franklin Counties —The Talco field produced 
9,780,948 bbl. of oil during the year, from 637 wells. During the year 
472 wells were completed. All of the wells are pumping and 241 are 
making salt water. This field has followed a normal development and 
did not exceed the estimated number of acres reported last year. 

Rodessa Field, Cass and Marion Counties —The Rodessa field was 
extended about 13 miles southwest into Marion County, which added 
approximately 4000 acres to the field. During the year 260 wells were 
completed, making a total of 416 producing wells, which produced 12,646,- 
970 bbl. of oil. The author was unable to obtain figures for the amount 
d. The field has two gasoline plants, which had a daily 
58,000 cu. ft. of gas during December, averaging 0.83 gal. 
As of Jan. 1, 31 wells were making salt water. The bot- 
depending upon the pay from which the 
from the Young 


of gas produce 
average of 16,5 
per M cu. ft. 

tom-hole pressure varies greatly, 
well is producing. The average bottom-hole pressure 


Summary received at the office of the Institute Jan. 28; entire paper, March 14, 
1938. 
* Geologist, Sun Oil Co., Dallas, Texas. 
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and Dees horizons in Cass County was 1701 lb. per sq. in.; for the Gloyd 
horizon, 2107 lb. per sq. in.; for the Henderson horizon, Marion County, 
2677 lb. per sq. inch. 

Van Field, Van Zandt County.—During the year 14 wells were com- 
pleted, 13 in the Woodbine sand and 1 in the Nacatoch sand, for a total 
of 586 producing wells, which produced 11,402,510 bbl. of oil. As of 
Jan. 1, 30 wells were making salt water, 347 wells were flowing, and 239 
were pumping. 

Sulphur Bluff Field, Hopkins County——The development of the 
Sulphur Bluff field was rather disappointing, as the limits have been 
reduced from 1500 acres to 800 acres. During the year 65 wells were 
completed, making a total of 73 producing wells. Of this number, 60 are 
pumping their production and approximately half are making salt water. 
During the year 1,599,808 bbl. of oil were produced, making total oil 
production 1,640,664 bbl. to the end of 1937. 

Other Areas.—The other fields of the area followed normal develop- 
ment, as shown in Table 1. 


TaBLE 1.—Oul and Gas Production in East Texas District 


Area Proved, Acres 
Field, County 
Oil 

Py on| Oil | and Gas Total 
3 28 Gase 

A fs 

g ce 
i a 

Le BOUDRY, PONG. 4 cunten c wih Wemiag terior ee ae OEME SOR eee ie 19 y 21,000 21,000 

2\\| Boggy, Oreok,, Anileraon-Cherohea tices iat vsicc sain ious cosa cette wae 1034 200 200 

B Ni Caddo, M dried dscccse ta apa a alee nl oom erotics Rcd amen toe 33 980 980 

41 Camp Hilt Anderson, coc coca cin oo nce cK tee nee 3 

6: Carthage? Panola: 7, #ct wrk tosadline lions shas teed ean 116 oe ee z x 

6 | Cayuga, Anderson-Henderson, Freestone. ......... 00.000 c0ccceceeeee 356 | 4,000 9,000 13,000 

7 | East Texas, Rusk-Gregg-Smith, Cherokee and Upshur.................. 744 | 133,000 2,000 135,000 

Bags Lake 3 Henderson, okies cot asada hen cordance eee Vig i x 

OU) Grapeland,*® Houston. ic. si -.c>cee neacaseees Lone Mite Rn ee 114 2 
10.;) Joaduin,? Shelbys fac diwictnhoitemanteat tones Nedel eecite tgae aciaae 144 Bll ss x x 
ALS | Kittrell, oustonics, .catisce oder ete) tae ccc hae re eee 344 160 160 
12 | Long Lake,® Anderson-Leon. , me NY vil oy y 15,700 
13 | 0 sa Henderon. teen ook an: .| 2] 2 g) z 
JAS I Porcilla:® Houston: ov sae. falteansth arnt sho ce neti we Pies he eS x 
TB iRodessa:*Cnasiand Marton. dsr onrarcucrs aot Ni ean ie eee ae 2 10,884 4,000z 11,9842 
AGN Reales Her Okee i. ate cundaahituistcateaehmoute Often Meme eee Cee 314 200x 200z 
U7, Shell (Buffalo).4 Leon toe, fc\c vaste oticraie nc ate sane Bate sak: 4 6,000z 
18 ||| Sulphur Biull Hopkins. :.. chen: teehee tenia teen eee aaa 114 800 800 
LOH PAINS, Pite-d rapblen.- ait 6 te.cisrara sili i osn ot Renae ke 134 | 10,000 10,000 
20h Van. Van Band) natmintcuse oho aa aoe Ee nee 8 4,521 4,521 
21 | Van: (shallow); Vat zandls.c. ascie cate Ske eee oe 5 200 200 
22 | Waskom, Harrison.............. Ler ninth, Hanstetinaer itis WERE ee ae 18 y 7,500 7,500y 


* Footnotes to column heads and explanation of symbols are given on page 313. 
1 Field depleted during October 1937. All wells plugged and abandoned. 

2 Not enough development to base reasonable estimate. 

3 These figures are more correct than previously shown. 
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EXPLORATORY DRILLING 


During the year, 106 exploratory wells were drilled, discovering two 
new oil fields, one gas-distillate field and extending the Rodessa field 
approximately 13 miles into Marion County. 

The extension of the Rodessa field was drilled by Overlees et al. on 
the Henderson tract, about 2 miles north of the town of Jefferson, in the 
R. Bennington survey. This well was drilled to a total depth of 6405 
ft. in the Lower Glen Rose formation and later plugged back to 6005 ft., 
where it was completed making 87 bbl. of oil per day and 2,000,000 cu. ft. 
of gas. This well is on the same fault or fault zone as the Rodessa 
field. At present this area has not been definitely tied into the main 
Rodessa field, but the intervening area is gradually being proven. 

The Procilla area is in the eastern part of north central Houston 
County. The discovery well was drilled by H. L. Hunt on the Elliot 
tract, in the J. M. Procilla survey. This well was drilled to a total depth 
of 6634 ft., stopping in the top of the Lower Cretaceous. It was then 
plugged back to 5870 ft., in the Woodbine formation, and completed 
making 15 bbl. of oil, 90 bbl. of salt water and 600,000 cu. ft. of gas. 


TaBLE 1.—(Continued) 


ee 


Total Oil Production, Bbl. Total Gas tone a Millions nae Kaen 
During 1937 
~~ 
Daily ‘ Bae & 
To End of During During Average | To End | During | ing a 
& 1937 1936 1937 during of 1937 1936 1937 £ re is 
q Nov. 1937 a5 3 ra] 3 2 
Z a> | 2 2 3 
: az | 22s | 2 | 
& €4|325| 8 |4 
1 7,067y 7,067 87 | 111,331 4,491 3,312 y 3 0 
2 4,651,031 190,398 153,273 353 33 0; 0 
3 7,592,783 29,676 33,187 116 8ly 2 
4 286,178 132,786 27,399 
5 4 3 
6 7,326,650 2,156,095 3,294,377 10,200 27,681.8 | 5,365 y| 40 240 70 vT] 
7 | 1,156,352,834 165,270,636 | 171,336,854 456,4992 y y y y | 24,882 |2,420) y 
8 3,915 3,915 1 1 50 
9 4 3 
1 1,102,002 345,887 346,083 792 
2 1,048,200 415,000 491,200 1,550 20,488 5,943 8,352 y 74 41 3 
ii 152 1152 665 . 2 Es i is 
14 12,152 
15 15,799,670 3,139,641 12,646,970 22,047 y 2.5 y y 422 260 6 
16 224,861 67,705 39,955 76 : Onliaek 
17 
1 1,640,664 40,856 1,599,808 6,017 73 65 
H 11,106,764 1,325,816 9,780,948 32,115 637 472 y 
20 110,619,516 12,514,585 11,358,542 21,097 569 - 5 
21 . 201,925 61,867 43,968 114 30 a 
22 17,660y y 17,660y 60 46,451 1,878 1,665 y y y| oy 
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Later testing showed a marked decrease of water and increase of oil, as 
it is now (January, 1938) making 65 bbl. of oil per day and about 45 bbl. of 
water. The structure is thought to be an anticline. 

Opelika field is in the eastern portion of north central Henderson 
County. The first well was drilled by Tidewater, Seaboard and Humble 
oil companies on the McElreath & Suggett tract in the W. P. Wyche 
survey. ‘The first well was completed in a porous zone in the anhydrite 
section of the Middle Glen Rose formation, at a total depth of 7195 ft., 
owing to a bad fishing job caused by the well’s attempt to ‘blow out.” 
The initial production of this well was 7 bbl. of oil per day. The second 
well, known as No. 2-C McElreath & Suggett, is 600 ft. southwest of 
No. 1, and was drilled to a total depth of 9320 ft. in the Travis Peak 
formation of Lower Cretaceous age. This well did not encounter the 
porous zone found in No. 1. Seven-inch casing was set at 9194 ft. and 
the hole plugged back to 9260 ft. A drill-stem test showed gas and no 
oil or water. The casing was then perforated between 8795 and 8890 ft. 
and again tested, showing gas and some distillate. The well was then 
plugged back to 8034 ft. and casing perforated from 7910 to 7950 ft., at 


TABLE 1.—(Continued) 
ae Se Se einen ea DE IR 


Number of Oil and/or Gas | Depth, Aver- |Oil Production Methods| Pressure, Lb. per Sq. | Character of Oil, 
Wells age in Feet at End of 1937 In.¢ ret Apren x. Average 
uring 1937 
A t Gravity 
At End of 1937 Number of Wells erage A.P.I. at - 
End of 60° F 
g iy 5 - e 2 | Initial 
i So 
J Eg) B= Balge glee [ee |. | x 5 1936 | 1937 | 8/8/88). 8 
2 |e2| 85 (S0/go| _2 |de2l8s.| | 2/a/4 elglselsel. 
g la) £5 |2a[ES| 24 lgéslets| 2 | F | a| 2 Sets els5| 8 
4 e274 ASI RSP ISN!) | eg = SIS EAs 
1] y 8} |142 | 150] 4,700¢| 1,000 8 
2 21 21| 3,666 | 3,632 21 650 38.5/0.24] P 
3 34 34] 2,366 | 2,300 34 z a} ok 40.0\y |P 
5 4 4] 6,000y 2,150y 2,150 
6 210 30 | 240/ 4,085 | 3,922] 229] 6] 5 y yy 29 1.7/4 
7 | 92 | 24,269 21y| 24,290 3,665 | 3,632 | 18,863] 5,021] 385 e1,600+ | 1,168} e1,119 39 10.25 
Shiao 1 3,105 | 3,097 1 y 44.8ly |P 
9| 4 4] 6,025 | 5.975 y y 
10 | 4 4| 5,011 | 4,890 2,525y 2,525y 
rr 14] 2'013 | 1,995 14 7 24 |0.1/P 
12 28} 74/5250 | 5,170] 71; 1| 2 y y y 40 |0.24] P 
13 2 2| 8,890 | 7,195 2 y 57 ly |P 
14 1| 5,670 | 5,665 1 y yl 41 ly |P 
15 19 | 416) 6,020 | 5,960| 349} 6} 32] 1 | e,2800 | et,967 y 43 |0.18| P 
16 3] 5,125 | 5,120 3 
: alta |e it maces 
480| 13] 60 
19 637| 4,320 | 4200] 637 y , y 2B M 
20 556/ 2,950 | 2,500} 347/209] 0; 0 | e1,230 | e1,148! 1,137 |36/32'34 o's | P 
21 30) 1,200 | 15130 0} 30] 0] 0 z y| —_-y_ (323031 ‘|1-16| P 
22 y| y | 101 4,650 | 1,000 17 y | | y ly ly 


4 Figures for top and bottom of producing zone are from top of hi hest pay to bottom of | * gi 
rh ‘hie lntaeea L : ig Pp ig. pay to of lowest pay; six or more zones are 
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which depth it was completed as a gas-distillate well. The Railroad 
Commission test showed 300 bbl. of distillate and 9 million cubic feet 
of gas on 3-in. tubing choke. The structure is an anticline with 
some faulting. 

Flag Lake area is in the western part of Henderson County, on the 
Mexia-Powell fault zone. The discovery well was drilled by Sherman 
Hunt et al. on the Dillard tract, in the H. Jeffreys survey, on a faulted 
structure of the Mexia-Powell type. Several wells had previously been 
drilled in this area, testing the Woodbine sand; although shows of oil 
were encountered, none of the wells were completed as commercial oil 
wells. This test was drilled to test the Lower Glen Rose. In coring the 
Woodbine section a few pieces of oil-saturated sand were recovered. The 
Glen Rose and Paluxy section was found to carry no oil or gas. Casing 
was cemented at 3622 ft. After running Schlumberger, it was decided 
to test the thin oil sand indicated at 3095 to 3105 ft. Ona 34¢-in. tubing 
choke this well made 127 bbl. of oil and no water. 


SuMMARY AND OUTLOOK FOR 1938 


Several important exploratory wells will probably be drilled to test 
for deep production. Because of the high cost of drilling deep wells in 


TABLE 1.—(Continued) 
een te i ee 


Character of Gas, 
epee vanes Producing Rock Ng epi sea 
es 
ZDa 
3 
fy Name Ages & & ere Name 
z= if Hepes 2 
=i rs 3 5 <« |3e » [Sts ‘= 2 
2) & | 6Re 2 | 42 és3| 2 225 23 
a8 igs a 2 El AS 
£| 25 | g£é A | 5 (Bas| & eta an 
i CreU, L §,L x A 39y Sub-anhydrite CreL| 5,860 
ra eae a Woodbine CreU s'| 08 l+34 | DS | 43 Fredericksburg 4,648 
re 
3 Tokio CreU 5 20+} 15 A y ly y 
Hi y y Glen Rose CreL LS y y A 1 paren Marine Pre| 8,718 
re 
i * | CreU s 25 30 A 8 | Travis Peak CreL | 9,085 
: . H a5} voor CreU S 25 30+} MU y | Washita CreL 3,894 
8 Woodbine CreU 8 y25 6 AF 7 | Travis Peak CreL 6,495 
9 y y Woodbine CreU 8 25 40 A 1 | Woodbine CreU 6,250 
10))\) = Glen Rose CreL LS y y A Glen Rose 5,126 
11 Reklaw Eoe S y 12 DS 9 | Wilcox Eocene 3,870 
12} 1,030 0.85 | Woodbine CreU S 25 25 A 5 | Travis Peak CreL | 9,966 
13 Glen Rose CreL LS y x A Travis Peak CreL | 9,320 
14 Woodbine CreU i) y by A 0 | Del Rio CreL 6,634 
15 y 0.83 | L. Glen Rose CreL L,S |+17 15 AF 10 Bele helo L. 11,484 
arine 
i CreU tS) 20 5 MU 6 | Woodbine CreU 5,302 
fd Woon CreU S 11 30 A 3 | Washita CreL 6,140 
18 Paluxy CreL § 20 40 AF y | Travis Peak CreL | 6,600 
19 Paluxy CreL § 20 50 AF y |L. Glenrose CreL 5,679 
20 | 1,100 2.5 Woodbine CreU SH 25 268 AF 68 Trinity 7,501 
Pia Nacatoch sand _| CreU s y | 20 | AF | 17 | Trinity 7,501 
22 | 1,000 y Various CreU, L §,L y x A 16y | Glen Rose CreL 4,980 
Se eC 
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this area, there will probably be fewer exploratory wells than in the year 
of 1937. 


ACKNOWLEDGMENTS 


Various sources were used in compiling the data used in this report. 
Thanks for information are due to many persons; especially to Mr. Frank 
EK. Poulsen, Pure Oil Co., for data on the Van field, and to Mr. M. 
Schwartz, of the Seaboard Oil Corporation, for data on Cayuga and Long 
Lake fields; also to various members of the Sun Oil Company’s technical 
staff for other data. 


TaBLE 2.—Summary of Drilling Operations in East Texas District 


Important Wildcats Drilled in 1937 


Total 
Location Depth, Surface Deepest 
County Survey Ft. Formation yo leary 
2. | Miarionns <5 census detonation > ae cere R. Bennington} 6,405 Wilcox L. Glen Rose CreL 
Bi OUSDONS A oviccoatnedstecaee cekicaieeta cern J. M. Procilla 6,634 Mt. Selman Woodbine CreU 
Bo HENMGESON: stews tacit ots akcscesteie Mec meee me W. P. Wyche 9,320 Mt. Selman Travis Peak CreL 
4 || Henderson: sos)... eset sane bee ee cece ceweseees H. Jeffreys 6,518 Midway Travis Peak CreL 


Important Wildcats Drilled in 1937 


Initial Production Pressure, Lb. 
per Day per Sq. In. 
Drilled b Fraction emar 
rilled by ractions 
Oil, Gas, of an Inch ts -3 
ULS. Millions 
Bbl. Cu. Ft. 
1 | Overlees et al. 87 
2|H. L. Hunt boo 
3 | Tidewater Seaboard and Humble 
4 | Sherman Hunt et al. : 
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Oil and Gas Production on the Texas Gulf Coast during 1937 


By E. P. Haynus* anno J. K. Buruer,* Junior Memser A.I.M.E. 


Or and gas development has continued unabated on the Texas Gulf 
Coast during 1937. Although the number of important new discoveries 
has not been great, the extensions in older fields, owing to discovery of 
new sands and the lateral extension of known sands, has been extensive. 
Twenty-four new producing fields were added during the year, and many 
of these areas give promise of developing into important producing dis- 
tricts in the future. Alta Mesa, Amelia, Aransas, Clara Driscoll, Five 
Corners, Hamman, Heyser, Old Ocean, Premont, Seabreeze, Segno and 
West Columbia have all had major extensions during 1937. 

The 1937 production for the Texas Gulf Coast was 120,141,429 bbl., or 
32+ per cent increase over the 1936 production of 90,865,293 bbl.t The 
total number of producing wells has increased from 6727 to 8968. Well 
abandonments have been few and indications are that they will continue 
to beso. Rigid proration has been and continues to be in effect, and, as a 
result, wells in the Gulf Coast will have prolonged life. 


New FIeups 


Tables 1 and 2 contain general information on all fields in this district. 
The following named fields were discovered in 1937: 

Aransas County.—Barnsdall Oil Company’s No. 1-A Edwards was 
the discovery well for the Lamar field. It was drilled to a total depth of 
9785 ft., plugged back and completed at 7530 ft. in the Frio as a gas 
and distillate well. Present indications are not very promising for a 
major field. 

Bee County.—The McMurray (Strauch) field was discovered by Dirks 
Bros. No. 1 Strauch at a total depth of 4577 ft. Thisis a Yegua producer, 
and had an initial production of 230 bbl. on a 34¢-in. choke. 

Brazoria County.—The Sandy Point field was discovered by Henry 
DeArman’s No. 1 Fite, which was completed as a producer at 6501 ft. in 
the Marginulina-Frio series. 

Galveston County.—Although the Hitchcock field was discovered in 
1936, the first commercial oil producer was completed in 1937 when 


Manuscript received at the office of the Institute April 18, 1988. 
* Producing Department, The Texas Company, Houston, Texas. 
Tt Will not check last year’s figure, because of elimination of fields now shown in 
other districts. 
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TABLE 1.—Oil and Gas Production on Texas Gulf Coast during 1937 


Area Proved, Acres Total Oil Production, Bbl. 
Field, County 
Oil . Du . 
£5] Oil | and] Gas | Total +6 i “ ae 1937" 
aS Gas 
Ss 
ca 
Letra 
Agua Dulce, Nueces............. 8 0} 500} 9,500 10,000 310,928 39,422 69,698 
Allen cBracorig vec dAangieeer 11 10 0 0 10 84,925 3,228 3,364 
Alta Mesa, Brooks..............- 2 280 0 60 340 164,070 6,115 157,955 
Alta Verde, Brooks.............. 2 50 0 0 50 3,115y y 3,115 
Amelia, Jeffergson................ 2 2,000 0 0 2,000 1,727,885 204,195 1,523,690 
Anahuac, Chambers..............] 3 5,650 0 0 5,650 7,244,427 | 2,603,280 4,279,108 
Angelita, San Patricio........... 4 40 0 0 40 30,924 86y 348 
Aransas, Aransas, San Patricio....| 2 1,000 0 20 1,020 941,860 36,688 905,172 
Arriols, ‘Hardtts cco ts ee owe ee 6 100 0 0 100 1,681,688 390,981 217,275 
Baldwin, Nueces................. 3 270 0 0 270 459,755 234,409 148,227 
Barbers Hill, Chambers........... 22 515 0 0 515 60,041,401 | 5,471,266 4,480,222 
Bhallowe. KiccGrrecsren oe 22 70 70 1,735,214 0 0 
Deep tiaks Sanh iap ere iaane 10 445 445) 58,306,187 | 5,471,266 4,480,222 
Batesville, Zavalla......... 1 40 0 0 40 11,757 11,757 
Batson, Hardin...............+. "35 597 0 0 597; 38,250,560 653,484 637,103 
Bay City (Van Vleck), Matagorda.| 4 500 0 0 500 1,089,225 382,812 665,527 
Big Creek, Ft. Bend............. 16 200 0 0 200 9,363,760 392,975 379,810 
Big Hill, Jefferson............... 15 10 0 0 10 13, Prod. gate 1924 
Big Hill, Matagorda............. 34 15 0 0 15 210,906 | Prod. depleted 1907 
Blue Ridge, Ft. Bend............ 19 325 0 0 325 10,581,746 526,740 360,931 
Boling, Ft. Bend, Wharton........ 13 200 0 0 200 5,629,669 347,871 563,957 
Brenham, Austin, Washington. ...| 23 55 0 0 55 346,061 9,117 7,053 
Brookshire, Waller.............. 4 50 0 0 50 19,382 2,856 5,884 
Buckeye, Matagorda............. 6 50 0 0 50 646,207 71,111 51,461 
Burnell, South, Karnes.......... 1 400 0} = 210 610 124,413 124,413 
Caesars Bee sc tri ccanek Geode 4 285 0} = 175 460 735,557 319,159 136,816 
Call Newtotiann - chemists te 1 100 0 0 100 5,567 067 
Captain Lucey, Jim Wells........| 2 0} 170 0 170 297,789 113,223 184,566 
Chapman, Nueces............... 1 50 0 0 50 28,312 28,312 
Cheek, Jefferson.................| 1 40 0 0 40 21,037 21,037 
Clam Lake, Jefferson............ 1 20 0 0 20 1,235 1,235 
Clay Creek, Washington..........| 10 300 0 0 300 3,951,533 398,609 300,949 
Cleveland, Liberty............... 4 400 0 0 400 928,001 303,356 210,502 
Clinton dHarriageasaae dau tia 2 20; 20 0 40 3,899 2,996 903 
Colleto Creek, Victoria.........., 729,424 269,336 289,617 
Conroe, Montgomery............. 86,874,068 | 14,905,462 | 15,016,701 
Corpus Christi, Nueces.........., 4,926,115 | 2,223,958 2,692,822 
Cotton Lake, Chambers.......... 394,463 43,029 351,434 


* Footnotes to column heads and explanation of symbols are given on page 313, 
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Total Oil 
Total Gas Producti ; Depth, 
ae ite a ® Millions ea Neg Number of Oil and/or Gas Wells Rae 
in Feet 
Mate At End of 1937 
Daily Maxi- | Com- : 
5 Average | To End | During | During mum | pleted = panes 
3 | during | of 1937} 1936 | 1937 | Daily | to End =e is) ductive 
& | Nov. 1937 during | of 1937| & | S fS5\ >| ol ee] 2 | Well 
= 1937 % | 8 |8A\-8e Ba 28| 3 gus 
a & elas! 3° EC 3° a3 
n=) Be ga Sz SE|s a $e 
az a oO <i a qj es) & em 
1 304 3,522 | 6,044 y yl vl oy ol y| 46] 46y { Ss 
2 u 5 O..81 Oh 4 1 | 5,030 
11404 
3 407 242 ig | 14) o| 2| -13 3| 16 |4 21475 
4,547 
4 2 5 rae eer near 4 926 
5 6,254 76 145 | 128] 0| 2| 139 4| 143 |{ 3269 
6 9,381 79 90 237 | 92) o| 4| 226 7| 233 | 7,085 
7 0 2 o} 1|/ 1| 0 0 | 5.380 
8 4,321 779 | 156 623 93 | 92; 1] 2] 94 1| 95 | 7,100 
9 520 7 15 Oh airy 19 12 | 4,400 
10 320 39 36 9 o} o| o| 8 Aha s { oor 
1 10,659 401 3| 3| 8 | 161 161 4'500 
12 0 2,300 
13| 10,659 401 3} 3| 8| 161 161 | 5,200 
14 27 1 1 O4oO4n 2 1 | 3,988 
1,250 
15] 1.887 go6z | 2] 0| 10| 200 200 { Soe 
7,075 
16 1,219 144 149 23 4| ol o| 2 23 { eae 
17 839 82 6 O| 3| 27 27 | 3,850 
18 5 Pate a 0 | 2/500 
19 3 ao} o} 0 0 862 
20 841 185 5| 0| 3| 59 1! 60 | 3,600 
21 1,545 7 19 162 6 y| v| 9 gt | 1,375 
22 30 63 Ney ileyt te Bdl Mirgal  24-7-36 225 
23 6 1 0)0.4°0}-4 1 | 2,974 
24 181 17 2 o| o| o| 2 2 | 7.926, 
25 971 530 761 32 | 26 o| 1! 25 Palees { Hon 
26 328 15 41 i Oh a 27 7/|° 34 | 3,055 
27 24 2 2 1 fh Ou, DO T 1 | 6918, 
28 354 o35| 14 | 921 ro) fey ee ae 9) 15 |{ $370 
5,058 
29 36 pi NE aed 2) asa 
30 320 i rm 2 a 0|.0} 2 2 | 81565 
31 0 1 1) oF 01 1 1 | 5,929 
32 603 137 275 66 i] 0| 3] 60 3| 83 | 1,250 
33 439 22 By wees Mt 3] 14 | 5900 
34 | 0 591 12 579 3 2} o| 1 1 V2 [4 Store 
2 o| o| o| 20 a| ga fh 2228" 
35 496 675 10 8 2536 
36 | 36,836 | 62,195 | 104 272 963 | 17] 1y| 11y| 947 3 | 950 | 5,150 
37 51319 247 | 42) 0 | 31y| 211 5) 216 | 4.008 
38 1,087 99 de 12) 8 1). O17 ue aes { Pon 
4 Gas. 
7 Distillate. 
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OIL AND GAS PRODUCTION ON TEXAS GULF COAST 


TABLE 1.—(Continued) 


Depth, | Oil Production Character of Oil, Approx, | Chatacter of Gas, 
Average | Methods at End Pressure, Lb. per Sq. In.¢ eat : Approx. Average 
in Fost of 1937 Average during 1937 during 1937 
Number of Wells Average at End of gti ae ka 
Gal. 
A pais “¥ Btu. | Gasoline 
8 | tive Initial = cu Ft. | Br 
g Zone Hig 3 8 . Cu. Ft. 
2 " PR e 1936 | 1937 E 7 Be is 
i=") . & 5 |a 2. 
o 7 | se | 5 2 
3 elels | |8<|2*| 4 
1,998 800 700y 
1 { 4'804 1,650 1,500y : 59 0.02 | M 
2 1 200 41.3/28.3] 34.3 |0.11 | A 
1,100 5004 500 
3 { 2/450 1d 100 100 25.2/24.8| 25  |0 P 
4 916 oer 100 y 26.2 ly P 
5 | 6,745 139 6755 650 29.3 |y A 
6 | 7,000 225 1} 3,260 | e3,190 | 1,250 |35.1/34.7| 34/9 |0 M 
7| 5,370 1,140 33.7 |0.13 | A 
8 | 6,500 94 2,200 1,975 1,600 [54 |40 | 44 |y P 
9} 2,990 2} 10 440 42 |27 | 34 0.13] A 
10 225 25.8 M 
11 32| 129 34 [24.8] 26 0.21] A 
12 z 
13 32| 129 296 | el,565 34 |24.8] 26 |0.21] A 
14] 3,941 1 16.6 |y y 
15 4| 196 x 40 |20 | 27.7 |y A 
16| 7,020 23 1,700 56 140 | 48 ly M 
17 27 400 42.7|19.5] 28 ly A 
18 x 0 2 {f A 
19 . z 0 z |e A 
20 3] 56 385 45 120 | 26 0.25] A 
21 43| 48 33.7|21.3] 28.3 |0.41 | A 
22 34 19 j14 | 17 ly A 
23) 2,955 1 100 0 24 ly A 
24] 7,831 2 1,045 38 10.07] A 
25 iat 1435 y ly y 
26 | 3,040 3] 24 { ate en ee 
271 6,908 1 1,475 1,450 39.6 ly y 
28] 5,350 4) 2 2005 2005 38.9 |y M 
29 | {eet | tt 675 675 4.9 ly | y 
30 2 2,950 2,050 43.9 ly y 
31] 5,913 1 1,600 1,600 34.2 |0.2y | y 
32 5] 45 350 27 |23 | 26 0.36] A 
33 | 5,700 11 2,400 1,800 |45 |38 | 40 ly A 
34] 8,100 1 4,800 3,200 48 ly M 
35 19} 1 32.5/20 | 25 ly A 
36 | 5,000 920] 27 €2,275 | e2,076 38 |0.05| M| 1,132 100 
37] 4,076 163} 48 1,650 23.3 |y M 
38] 6,302 17 550° 5505 28 ly A 
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Producing Rock Deepest Zone Tested 
to End of 1937 
~S8 
38 
iB ms 
oA ay Depth 
3 Name Agef gm & bts Name of Hole, 
g % ies 45 B ST g Ft. 
Z 3 = | g2| 2 88s 
g FI eo} eeu Bias 
E| P| 5 On § 55 
a oO rai a om 'a~ 
Flemin, i : 
1 [Feo e. Ole La \ 30 { " \ DF y | Vicksburg 9,003 
2 io Mio SH Por 10 Ds 30 | Miocene 5,958 
3 | Mio Mio Ss Por 20 D 13 | Vicksburg 8,022 
4| Mio Mio 8 Por 10 D 13 | Yegua 5,096 
5 | Frio Olig Ss Por 15 D 20 | Vicksburg 8,501 
6 | Frio Olig Ss Por 60 Df 17 | Frio 8,749 
7 Erio = ; Olig Ss Por 14 Nf 6 | Frio 7,131 
8 | Marginulina, Frio Olig. Ss 25-34 | 15 Ny 2 | Frio 8,889 
9 | Mio, Frio { Olig \ Ss Por | 50+ | Ds 10 | Yegua 6,743 
10 | Mio Mio 8 Por 12 AF 7y| Frio 6,610 
11 i 75a Ds 144 | McElroy 8,148 
12| Pli, Mio { Mio Ss | Por | 420 
13 | Mio, Frio | oie Ss Por 80r 
14 | Edwards lime CreU L Cav 6 MF 0 | Edwards lime * 3,948 
as, Pre-Ter 
15 { Cap Rock, Lissie, Lagarto \ Plio, Mio Cay 
Mid-Olig, Yequa Olig, Eoe L, 8s Por 74x | Ds | 88x | Crockett 4,980 
16 Marginulina-Frio : Olig SH Por 21 D 4 | Vicksburg 11,286 
17 (i Mio, Mid-Olig Fees tae Saale POR eb Mi, Dee greeny Jadkees 5,536 
18 | Pli, Mio Pli, Mio NS) Por 10 Ds 58 | Marginulina .| 6,742 
19 | Cap rock, Mio pie Ter } Le . {pert x Ds 5 \a 3,000x 
20 Mie, ees: Frio io-Dlis SH he 60 Ds.| 112 | Jackson 6,189 
‘ap roc! Pre-Ter av . 
an) { Sf One, Frio Olie } | 0, SH {par \) 60 | Ds | 75 | Vicksburg 5,546 
22 | Oakville, Cockfield {Boe | SH Por 10x Ds 67x) Carrizzo 3,930 
23 | Frio. lig Ss Por 16 D 10y| Hockleyensis 7,215 
24 | Frio Olig SH Por 60 D 6 | Frio 10,503 
25 | Cockfield (Pettus) Koc Ss Por 12 DF 3 | Yegua 5,280 
26 | Cockfield (Pettus) Eoe Ss Por 15 DF 19 | Yegua 4,502 
27| Cockfield _ Eoe NS] Por 7 NF 3 | Yegua 7,380 
28 peioeeees Olig ss | Por | 20 | MF| 11 | Frio 6,500 
99 Cotahioula Mie \ Ss Por g | ML 4 | Frio 7,012 
30 | Vicksburg Eoc S Por 10 NF 1 | Vicksburg 8,841 
31] Mio Mio Ss Por | 15 D 1 | Miocene 5,929 
32 | Claiborne, Wilcox Eoe SH Por | 120 Ds 57 | Wilcox : 8,3068 
33 | Cockfield, Yegua Koc Ss 15 8 MF 9 | Cook Mt. 8,734 
34 | Mio, Cockfield Mio, Eoe $s Por « | D 2 | Cockfield 8,101 
35 Pita Rae Hee Mio, Olig Ss Por 0 MF 16 | Frio 5,368 
. Cockfiel ; 
36 | Gonos Eoe Ss 272 { 56 \ D 55 | L. Saline Bayou 8,011 
37 | Catahoula Mio s Por 10z A 11 | Frio 7,531 
38 | Marginulina ‘Olig Ss Por 8 Df 7 | Frio 7,302 
Belen Se ee eee 
6 In salt. 
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OIL AND GAS 


PRODUCTION 


TABLE 1.—(Continued) 


ON TEXAS GULF COAST 


Area Proved, Acres Total Oil Production, Bbl. 
Field, County 
‘i Oil To End of During During 

3 $s 3 Oil and Gas Total 1937 1936 1937 
g FA wt Gas¢ 
Z mS 

9 
2 Be 
a < “- 
39 | Damon Mound, Brazoria. . ilton 270 0 0 270 9,328,476 179,215 133,125 
40 | Danbury, Brazorig’ ss... 000s. 8 100 0 20 120 ,267 9,668 
41| Dickinson, Galveston........... Sh 0} 4,300 0 4,300 2,889,277 947,171 1,645,291 
42 | Dinero, Live Oak................ 3 0} 50 20 70 54,836 20,786 5,674 
43 | Dirks, Bee. . em New| 865 0 0 865 3,645,252 | 1,710,812 1,285,928 
44 | Driscoll, Clara, Nueces. . hee 500 0 0 500 467,836 84,322 378,685 
45 | East Chittim, Matern ae peheeace 1 40 0 40 80) 657 657 
46 | East Premont, Jim Wells........ 1 20 0 0 20 1,000,’ 1,000y 
47 | Edinburg, Hidalgo nthe tes eka 3 0} 100 0 100, 500 Oy Oy 
48 Edna, Wacksons=. in se eee 17 0 20 105 125 0 0 02 
49| Eeperson, Laberiy. .-422-1.36 <. 9} 400; 0/ 0 | 400) 4,787,172 | 632,771 | 600,514 
50 | Ezzell, Live Oak, McMullen....... 1 300 0 0 300 112,225 tiene 
BL) Hempel, Aalferdon > fy 2- tas 11 of of 0 90 2,205,228 | 329,714 | 289,348 
52 | Five Corners, Wharton........... 2 200 0} 600 800 54,408 1,746 52,662 
53 | Flour Bluff, Nueces... 2] 2,500 0 0 2,500 1,715,890 94,357 1,621,533 
54 | Fort Merrill, Live Oak 3 50 0 0 50 27,276 15,097 af 148 
55 | Ganado, Jackson..... 1 0; 60 0 60 11,511 1,511 
56 | Garwood, Colorado 5 10} +10 0 20 2,024 es depleted 1933 
57 | Green’s Lake, Galveston 2 50 0 20 70 29,44 19,332 10,108 
68 | Greta, Pefugio..0s.............. 5 5,414 0} 1,050 6,464) 19,873,377 | 5,381,404 4,652,813 
59 | Goose Creek, Harris.............| 30 910 0 0 910} 76,112,233 978,726 861,674 
60} Hamman, Matagorda............ 2 140} 0 0 140 190,987 38,201 152,786 
61 | Hankamer, Liberty.............. 9 420 0 0 420 4,881,431 779,294 573,192 
62 | Hardin, Liberty................. 8 350 0 20 370 428,172 134,778 238,069 
63 | Hartzendorf, 3 20 0 0 20| Prod. included with Pettus 
64 | Hastings, Breen Galveston 4 4,500) 0 0 4,500 8,921,564 | 2,420,930 5,867,819 
65 | Hawkinsville, Matagorda,........ 2 50 0 0 50 3,616 3,345 271 
66 | Heyser, Calhoun, Victoria........ 2 3,100) 0 0 3,100 1,692,934 138,992 1,553,942 
67 | High Island, Galveston........... 16 200 0 0 200 14,296,916 | 2,066,254 1,184,610 
68 | Hitchcock, Galieston............. 2 40 0 20 60 19,181 19,181 
69] Hookloy, Harris.................| 45 10 0 0 10 23,404 Prod. depleted 1935 
2O\} Solmnark,” Bee:... o.0s stat shone 3 80 0) 20 100 17,310 3,659 13,316 
71 | Hords Creek, Goliad, . hes 100 0 50 150 30,576 16,766 9,648 
72 | Hoskins Mound, ) Brazoria. eae Oe 10 0 0 10 31,755 Prod. depleted 1907 
73 | Hull, Liberty... ellis 20 750 0 0 750) 84,464,019 | 1,956,507 2,526,292 
14 20 650 650) 78,171,198 | 1,079,311 729,450! 
75 5 100 100 6,292,821 877,196 1,796,842! 
76 33 2,400) 0 0 2,400) 122,607,491 | 1,196,159 1,271,618 
77 33 2,200 2,200) 109,577,947 569,200! 606,500! 
i8' || A Deepa waist aoe 9 200 200} 18,029,544 626,959! 665,118! 
79 | Joe's vie Tyler... 1 300 0 0 300 74,310 74,310 
80 | Keeran, Victoria..............., 6 350) 0 40 390 667,369 112,486 202,162 
81 | Kingsville, Kleberg............... 12 90 0} 6175 265 685,529 21,659 25,177 


1 Estimated. 
2 Production used to develop field, 


ee 


ee 
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Total Oil o Depth, 
Production, rs Number of Oil and/or Gas Wells Average 
Bbl. in Feet 
pene At End of 1937 
Daily ; Maxi- | Com- Bottoms 
f Average | To End| During | During mum | pleted = of Pro- 
S| during | of 1937] 1936 | 1937 | Daily | to End 3 |ZE S wo | ductive 
| Nov. 1937 : during | of 1937; S | & /HS| Pe| we | we) § | Wells 
is 1937 oD o 5A Ba \-s 68 g 
a a Z as] 3oO 30 = 33 
E | 5 82) 228) 22| ZF 
+s Se Eee Es ele Sie 
39 384 129 Amon sei eees0 30 2,700 
40 105 72 6 S| sont 2 1 3 1,970 
41 5,673 1,814 | 4,960 118 54| 0 | ity] 94 7| 101 { eee 
42 17 41 4 o| o| 1 2 1 3 5,220 
43 3,093 100 GlexeeE fal! 08 98 3,875 
44 932 25 18) 0| 2] 20 3] 23 3/816 
= 45 10 1,143 | 1,305 4 ad a fat Ot ai 88 { Heh 
gZ 46 0 1 1-080 1 1 6,595 
47 0 ly o| o| 1 0 0 6,770 
ea 48 0 406 2,124 13 TW) Shell oy yoy 2y 2y 4,655 
2 49 1,304 56 Wt Ol © 47 2| 49 { ree 
50 1,054 55 551 0| O| 51 4) 55 1,520 
51 685 26 alone ts 49 19 { rien 
52 171 788 | 161 627 10 7| 0| 0 6 4] 10 5,550 
53 4,953 99 831 One 87 1| 98 6,665 
54 9 2 o| o| 1 1 1 4°643 
; 55 82 47 47 3 Sleoneno 2 1 3 5112 
56 4 Dy eal 0 0 6,100 
57 18 25 3 11 2] 0 1 1 4,000 
2/1008 
58 9,461 3,135 | 2,729 229 9} 0| 6| 208 14| 222 3,500 
9 
59 1,845 867 Weyl gal. 267 97 | nee 
8,182 
60 735 7 6} 0| 0 7 7 9,183 
a 9,370 
E 61 1,222 45 5| 0| 6] 32 2) 34 { ie 
62 1,317 166 17 16, 0| O| 16 aed 7 7,690 
63 1 yi yl y y 3,651 
64 18,935 419 | 2,213 453 | 329] 0| 0| 453 453 6,100 
65 a 1 o| o| 1 0 5,160 
: 66 6,028 150 106 | 88| 0} 0} 106 106 { nas 
4,600 
Ag ae 105 g| 13] 3| 60 161 { 500 
68 147 3 2) in 0 2 2 5,134 
7 69 3 o| 0| 0 0 0 2,250 
: 15 26 6 i} 0) 2) 23 Oecd aw ce 
- 70 29 4,075 
71 Oy 5 0} o| 2 1 1 2 4.575 
4 72 14 0| 0| 0 0 0 623 
73 8,466 743 11] y| 0] 184 184 2,900 
74 2,450 y y| y¥ y y 2;200 
4 75 6,016 y yl) y y y 4,650 
¥ 76 3,172 1,714 29) y | y | 295 295 
a 17 1,519! y y y y 7008 
e 
4 1,653! y 7] y y 5,670 
15 321 30 17 5 5| 0} 0 5 5 7,700 
: 155 16 g| 0 12 i 5,860 
4 80 614 82 Beet 
- 81 64 97 121 20 tl) y| yy] i 3) 14 { 3/238 
ee ee 
3 Cap rock, 
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OIL AND GAS PRODUCTION ON TEXAS GULF COAST 


TABLE 1.—(Continued) 
ee SS ee ES eee 


Depth, Oil Production 
Average | Methods at End Pressure, Lb. per Sq. In.¢ 
in Feet of 1937 
Number of Wells Average at End of 
To Top of 
rare Initial 
Ripken sabres oe 1936 | 1937 
Zz “el, teal vipetes 
g &| 8/3 
| (en - ) 
39 1 29 2 
40 1,955 1 1 500 500 
7,980 
41 9,080 92 2 1,2505 1,250 1,250 
42 5,200 2 1,600 
43 3,859 56} = 42 100 
44 3,807 16 4 750 
45 |) 3,055 1 0 0 
46 6,585 1 y y 
47 6,685 
48 4,640 y 
49 6} 41 100 
50 Set 6) 45 420 
a1 | { ee 3| 16 540 
52 5,540 5 1 2,350 2,350 2,350 
53 6,590 96 1 1,420 1,420 1,400 
54 4,637 1 1,100 0 
55 5,087 2 1,625 1,625 e2,200 
56 1,225 
57 3,880 1 1,300 1,300 
2,000 
58 3,470 189 cel? eo 1,350 875 
5,900 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 


Character of Ol; Approx. | pron: Average 
Average during 1937 p pen 1937 
Gravity A.P.I. 
at 60° F. 
Gal. 
fens, Gatiee 
per 
g/8|/zalek Cu. Ft. | Cu. Ft. 
B32 | 85 
3 4 28 ley 3 
Pails) Aplcsea) i eahee rss 
33 {21 | 26 |0.87| A 
23/21 | 23 |0.25] A 
54 (35 | 37.5 10.07 | M 
44.2 ly A 
45 ly M 
23.8 |y M 
42.5 y +7] 
y y y 
y y y 
26 |22 | 24 |0.26] A 
19.7 y y 
30 |25 | 28) ly 1 
25.6 |0 A 
45 |42 | 43.4 |y Pp 
46 y Ay 
26 oly y 
44 x M 
39 |21 | 26.5 10.14] P 
39 /23 | 24 |0.20/] A 


PPPs SSEP > & 


bere 


5 Flowing pressure through tubing on small choke. 


Ee —eEEEEEEEEEEEeEEEEEE——eE ee 


a ~ 


ip epee 


a 


SY se hers Coes (Teh PN 
‘ es 


ite 


E. P. HAYES AND J. K. BUTLER 


Tasie 1.—(Continued) 
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Producing Rock 
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Deepest Zone Tested 
to End of 1937 


3 Name Age 
E B | ¢ 
S a dee 
ri S) Ay 
Mio, Mid-Olig Mio 
39 { Vietsburg wf sH | Por 
40 | Pli, Mio Pli-Mio Ss Por 
41 | Frio Olig §s Por 
42 | Yegua Eoc 8 Por 
43 | Cockfield (Pettus) Koc Ss Por 
44 | Catahoula Mio 5 Por 
45 | Edwards lime CreU L Cav 
46 | Frio Olig Ss Por 
47 | Frio Olig SH Por 
48 oe One Ss Por 
io io 
49 t reetarustiten bie } 8s 24 
50 piopblegenas (Loma Novia) a Ss Por 
io jo 
bt { Mic-Olig, Frio oie} Ba | 20 
52 | Marginulina Olig Ss Por 
53 | Frio Olig Ss Por 
54] Yegua Eoc 8 Por 
55 | Marginulina Olig Ss Por 
56 | Yegua 0G 5 Por 
57) y Pli, Mio Ss Por 
Catahoula Mio 20 
58 | Heterostegine-Frio Mio} Ss {33 
Pli, Mio, Mid-Olig Pli, Mio SH 
59 {iHo, Vicksburg Olig Ss \ Por 
60 | Frio Olig 8 Por 
61 | Mio, Frio {Ot} Ss | 20 
62 | Yegua 0G § Por 
63 | Cockfield (Pettus) Eoc SH Por 
64 | Frio Olig Ss Por 
65 | Mio Mio SH Por 
AEB asec) Olig Ss | 25 
67 Pli, Mio Pli, Mio Ss Por 
Mid-Olig Olig SH 
68 | Mio as 7 Ss ane 
. re-Ter av 
69 | Cap rock, Frio { Og \ L, SH {Por 
70 | Cockfield (Pettus) Eoe Ss Por 
71 | Yegua Koc SH Por 
72\y y SH Por 
73 ee 
74 | Pli, Mio, Mid-Olig {ote} S | Por 
e Yegua SH Por 
6 
77 | Cap rock, Mio, Olig (Tie, Ole} 1,8 | {per 
: Mid-Olig, Jackson . 
48 | Cocks Yegua \ Olig, Eoc SH | Por 
79 | Carrizo Hoc SS) Por 
80 | Frio Olig Ny) 15 
81 | Lagarto Mio 8 Por 


+8 
33 
ste 
aS BR Depth 
Le Crs Name of Hole, 
Bvesihecee |e tr Ft. 
2 3 3s 
S| 2 lace 
B<| & 25a 
432 | Ds 180 | y 8,1126 
20 Ds 14 | Olig 7,495 
vey | 0) 8 12 | Frio 9,463 
Ty | D 4 | Cook Mt. 5,913 
16 | DF 11 | Yegua 4,776 
10 Df 8 | Frio 6,138 
20 F 7 | Trinity 7,635 
10 D 0 | Vicksburg 8,162 
20y | D Oy| Frio 7,508 
15y | D 9 reas 7,180 
eches 8,926 
BEES 30 { Crockett 9,3758 
8 D 10 | Hockleyensis 2,005 
20 Ds 36 | Vicksburg 7,293 
8 D 1 | Frio 6,511 
100+} D 6 | Frio 7,504 
5 D 1 | Crockett 5,425 
5 D 2 | Frio 6,544 
12 D 12 | Yegua 6,777 
15 TT] 7 | Frio 9,636 
| A | 17y| Vicksburg 7,461 
40 265 | McElroy 6,975 
10 | Ds 1 | Frio 9,575 
29 | Ds 16 | Dibol 7,681 
20 D 8 | Yegua 8,110 
9 A 1 | Yegua 3,872 
60 D 13 | Vicksburg 8,792 
10 D 17 | Oligocene 6,326 
25 A 10 | Frio 6,505 
35a | Ds | 115 | Mid-Olig 6,275 
16 D 2 | Frio 10,460 
30 Ds 65 | Yegua 7,481 
NF 8 | Yegua 4,458 
10 | MF 10 | Cook Mt. 6,004 
x Ds 39 | Salt 1,150z 
Ds | 218 | Cook Mt. 6,845 
60 
150z 
Ds | 815 | Crockett 3,476 
a 
400 
20 | DFy 1 | Wilcox 8,180 
10 | MF 6 | Vicksburg 7,717 
20 D 60 | Frio 6,922 
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TaBLE 1.—(Continued) 
Area Proved, Acres Total Oil Production, Bbl. 
Field, County 
Oil To End of During During 
5 £5] Oil | and} Gas | Total 1936 1937 
Z g 8 Gams 1937 93 
Zz zs 
: es 
pes : << 
82 | La Belle, Jefferson............... 20 0 0 20 2,148 2,148 
83 | La Blanca, Hidalgo.............. 1 0} 140 0 140 90,850 90,850 
84 | Lamar, Aransas....... i 0} = =20 0 20 834 834 
85 | La Sal Vieja, Willacy. 2 40 0 0 40 16,354 13,345 3,009 
86 | Livingston, Polk....... sate: 1,698 0 0 1,698 4,274,415 | 1,107,898 986,851 
87 | Lockridge, Brazoria............. 2 700 0 0 700 283,241 4,310 278,931 
88 | London, Nueces,................ 1 80 0 0 80 29,629 29,629 
89 | Lost Lake, Chambers............. 9 55 0 0 55 894,585 66,796 52,283 
90 | Louise, Wharton................ 4 1,570) 0 0 1,570) 1,744,683 531,836 612,266 
91: | Luby; Neeceas cs Shae 1 375 0 0 375 79,604 79,604 
92 | Lucas, Live Oak... -...0s.+--s 7 0} 500} 4,000 4,500 205,136 22,593 36,109 
93 | Magnet, Wharton 2 340) 40 40 420 131,784 2,510 129,274 
94 | Manvel, Brazoria 7 1,741 0 0 1,741 10,863,523 | 3,030,625 3,477,270 
95 Shallow......... 7 748 748 y y y 
96 Deep. a aeer 7 993 993 y y y 
97 | Markham, Matagorda............ 30 300 0 0 300 6,531,305 567,389 620,292 
98 | Mathis, Live Oak, San Patricio....| 14 0 0} = 100 100 
99 | Mauritz, Jackson......:......... 3 50| 50 0 100 113,791 48,392 51,354 
100 | McFadden, Victoria............. 7 60 0} = 100 160 80,645 3,785 11,637 
101 | McMurray, Bee................. 1 30 0 0 30 5,550 5,550 
102 | MeNeil, Live Oak............... 4 100 0 0 100 194,568 43,920 37,166 
103 | Mercedes, Hidalgo............... 3 50 0 0 50 105,235 42,715 28,338 
104 | Midway, San Patricio........... 1 300 0 0 300 74,602 74,602 
105'|"Mineral;; Bee, «<ssit, dea c eee 1 25} 0 0 "25 1,097 1,097 
106 | Moss Bluff, Chambers, Liberty..... 8 10 0 0 10 179,235 | Prod. depleted 1933 
107 | Mykawa, Harris................ 8 270 0 0 270 2,937,181 | 1,176,864 616,093 
108 | Nash, Brazoria, Ft. Bend......... 12 120 0 0 120 1,664,486 14,313 12,689 
109 | Nome, Jefferson................. 2 500} 500 0 1,000 626,823 54,534 572,289 
110 | Normanna, Bee................. 8 70 0 10 80 55,873 3,914 6,045 
111 | North Dayton, Liberty........... 33 55 0 0 55 2,290,744 45,939 37,808 
112 OWaticdeden uaeee certs 33 25 25 800, 0 
113 Deep .:c: etre rues cee were 10 30 30 1,490,744 45,939 37,808 
114| North Pettus, Bee, Goliad, Karnes| 8 950 0 50 1,000: 2,625,572 556,728 784,002 
115 | Oakville, Live Oak.............,, 2 30 0} 290 320 1326 4,326 
116 O'Conner McFadden, Refugio,| 6 200 0} = 2004- 400 421,790 93,201 80,910 
Victohig fio: Ae 
117 | Old Ocean, Brazoria,........,... 4 1,000) 0 0 1,000 725,709 159,772 444,999 
118 | Orange, Orange................. 25 400, 0 0 400} 32,242,419 247,344 233,191 
119] Orchard, Ft. Bend............... 12 220 0 50 270 3,276,905 206,847 179,526 
120 | Palacios, Matagorda............. 1 50 0 0 50 33,465 . 33,465 
121 | Pettus, Bee.............. 8 600) 0} 100 700 8,428,157 520,961 357,975 
122 | Pickett Ridge, Wharton..... 3 450) 0} 1,000 1,450 1,433,931 675,834 709,041 
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Total Oil 
; Total Gas Production, ; Depth, 
poets, Millions CaF. Number of Oil and/or Gas Wells Average 
; in Feet 
During 
1937 At End of 1937 
Daily Maxi- | (Com- i 
és Average | To End| During | During | [Um See ry tied 
aS during | of 1937| 1936 | 1937 | Daily | to End >e ro) ductive 
E | Nov. 1937 during | of 1937 | B feS| e>| we| Be 2 | Wells 
, za B | 8 |82\-se\s5|/s5| 8 
e e | 3 |Be|ac| ee) e4| 22 
5 | 6 | e@|£°) 84/20) &* 
82 32 165 165 1 11 0| 0 1 1 8,217 
A ee 7,875 
449 449 7 ‘AL Op 2 6 6 6,683 
‘ 84 28 1 1] 0] 0 vt 4 |- 7907 
85 0 45 1 o| o| 1 0 0 7.647 
86 2,327 14 100 3| 21 0] 89 1| 90 4976 
87 1,152 300 | 100 200 25 231 0| 0| 25 25 6,365 
e 88 79 4 McoNMOul al) fe 4 { Loot 
89 132 13 o| o} 2 8 1 9 2,735 
90 1,600 :| 1,280 | 1,225] 38 44 5) 0| 2| 36 a) gguigeduee 
S 91 709 19 19} 0| of 19 19 Hae 
2/0904 
? 92 73 2,628 | 3,064 40 Lit Gainey ees a ae |. es 3,533 
pe 5,287 
: 93 955 19 1s} 0| 0| 18 dite 19 5,562 
J 94 8,986 825 505 164 24} 1| 1] 158 4| 162 
3 95 y y ule Tay: y y y 4,016 
96 y y y) O| y y y y 5,160 
Z 
, 97 1,783 145 Ol ploy le 33 1 (arse { Aye 
7 98 0 6 Oj y| y¥ 0 y y 2,385 
* 99 180 2 Lone 0 2 2 5,650 
4 100 58 154y a ol 41 8 2| 5 { a 
; 101 7 2 2} o| 0 2 2 4,284 
: 4/434 
; ie e 10 oo] 2| 5 3| 8 { es 
! 103 80 7 151 4 o| o| 1 3 3 7,524 
a 5; 
a 104 543 9 a o| o| 9 9 { Aah 
; 105 14 3 o| 0} 0 1 1 3,650 
8 3 
106 6 of 0) O40 0 { Aa 
107 1,393 591 741 43 2} o| y| 32 32 4,593 
108 14 25 o| o| y 1 1 4,300 
109 1,691 398 39 31, 0| 0| 35 4] 39 6,058 
110 35 8 2} of} 1 5 1 6 3,630 
111 92 62 o| o| 4 7 7 3/800 
112 0 52 al Olle 0 0 1,200 
113 92 10 o| 0} 4 7 7 4,800 
114 1,183 p54 | 12 95 14] 1} 10| 76 g| 84 3,664 
115 3 10 4, 0| 4 1 5 6 2/812 
116 186 3,324 | 3,700 13 2} 0} 0 4 g| 12 3,100 
8,654 
117 2,071 7 4|.0| 0 7 ri 9,965 
10,650 
118 733 216 316 1| 5 | 14y| 44 44 4,000 
119 377 31 3}-2| 2) 15 15 6,700 
7,350 
120 134 sD 2} o| 0 2 2 7,880 
121 754 356 88 o| o| 1| 40 4| 44 3/900 
122 1,362 36 | 1,178 41 BeOn, 22 86 3 39 4-710 
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TaBLE 1.—(Continued) 
Depth, Oil Production Character of Oil, Approx. Character of Gas, 
. .In@ ant Approx. Average 
‘cm TT an et et ee Average during 1937 during 1937 
Number of Wells Average at End of sido Ma 
Gal. 
Re pty re Btu. | Gasoline 
§ ‘ee Initial es c pert per M 
 [~ Zone i936 | 1937 | 8 | 8] 38] oe = yack: 
a a a x | E SE zo 3 
o o = > 5 
8 elé| 2 s|S\e<|2"|2 
82 ae 1 yoly y 
83 } sn 62 |28 | 48 ly y 
sa} 
85 | 7,630 2,056 885 0 |52.8/47.2| 48 0.03 | A 
86 | 4,260 59] 23. 7 700 39/35. | 38 10.05 | M 
87 | 6,342 25 2,100y | 2,050 | e2,880 |29 |27 | 28 |0.34] A 
gg | { 4698 t)" 750 750 25.3 |y y 
89 | 2,679 8 490 0 |23.8)18 | 22.4 |0.22| A 
90 { Graaf 29} 7 730 481 248 |42.1/20.2) 26.3 ly “ 
91 | | 5,030 19 1,710 1,700 44.9 |y y 
8744 
92 ete 3 {1500 } 42 |24 | 36 ly A 
93 | 5,551 18 y 25.4 |y A 
94 102 53] 3 2g 22.8] 25° ly A 
95 | 3,990 33] 50] 3] 1,500 e1,500 |28 |22/8| 24 
96 | 5,000 691 3/ o| 2200 e2,200 |28 |22/8| 96 
97 9} 24 z 27.6/23 | 23.2 |0.21] A 
98| 2,375 935 
99 5,034 2 £2,100 e2,100 | ¢2,080 |31 |31 | 31 /0.10] A 
100] {S47e} | 3 {tae } 46 [0.16] A| 990 | 69 
101 | 4/267 5708 570 47 ly y 
102 lie al 1,150 44.3 ly | Ay 
103 3 2,500 49.2 |y y 
104 { 5,328 } 9 1,985 34 ly y 
105 1 100 0 45 ly |M 
106] 800 280 0 29.7 |0.21 | A 
107 2} 30 290 30.5/27 | 28.2 |0.14] A 
108 1 800 19.9 ly A 
109 | 6,005 35 2,640 2,640 29 |28 | 28.6 |o.22| P 
110 | 3/613 Bias 150 40 |y M 
1 7 41,5/22 | 28 0.12 | A 
112 0 z 24 «(10.12 | A 
113 7 400 36 [0.12] A 
114| 3,655 23] 53 51 [45 | 47 Iy M 
115 | 2/804 1 1,300 32 ly y 
116 | 3,075 1 3 3658 50 50 |42 /21 | 35 |0.16] A | 1,000 100 
117 | 8,632 6} 1 1,650 67.y ly M 
118 me 1| 43 x 27.4/20.4) 23.8 |18 | A 
119 1 : 5] 10 375 54 j22 | 35 |y | A 
120 | 7,830 0 ‘ 53 y y 
121] 3/860 40 236 0 |49 145 | 47 | 0.05| M 
122] 4/690 mab 900 25.2\y | A 
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Producing Rock 
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Deepest Zone Tested 
to End of 1937 


>* 
« a8 
ie ;8 pa 
3 Name Age oS APS 
g % ole ales (eee 
Z 8 | 2 \Ae| 3 igss 
g BOB lGele lacs 
a 5 & |2t| & 558 
82 | Frio Olig Ss Por} 6 D 3 
83 | Frio Olig Ss Por | 20 D 4 
84 | Frio Olig Ss Bors vials 1 
85 | Frio Olig s Por | 17 | Ds 1 
86 | Cockfield 0c SH 252 |} 10 | DF 33 
87 | Frio Olig Ss 20-23] AF 12 
88 | Catahoula Mio Ss Por| 8 | Nf 3 
89 Frio Olig Ss Por | 33 Ds 17 
90 | Frio Olig Ss Por | 20 | NF 11 
91 | Heterostegina Olig Ss Por| 7 | MF 1 
Catahoula Mio, Oli 
92 {eae Yequa cn Olig gu} Por | 28 D 22 
93 | Marginulina Olig Ss Por| 10 | D 2 
g4| 2 | D| 40 
94|Mio  . Mio SH | Por | 23 
96 | Marginulina on - Por | 26 
Cap rock, Pli, Mio re- + er. Cay 
o7| | Ma-Olig \ 1 Pi Mio sit {Ge¥) aoc | Ds | 148 
98 | Mio Mio s Por | 10 | ML i 
99 eet ae Olig Ss Por oF D 5 
‘atahoula io 2 
100 [Fro el s | Por|2s*| AF] 9 
101 ea : Eoc SS) Por| 8 | NF 3 
102 | { Booeyanse | Boo gs |Por}10 | D| 5 
103 | Frio Olig SH Por | 10 D 3 
104 | Frio Olig Ss Por | 15 D 1 
105 ne deat pects) Eoe $ ie 8 | NF 7 
ap roc Pre-Ter av 
106 { Marginal fe \ sabe res | Da 61 
io, Frio Mio 
107 A etrostecias ote} SH Por | 32 D a 
108 | Mio, Mid-Olig {te | $,SH | Por | 60y| Ds | 45 
109 | Marginulina lig SH Por | 10 | Ds 12 
110 | Hockleyensis Koc SH Por | 17 D 6 
lll Ds 109 
112} Pli, Mio | Pli, Mio Ss Por| « 
113 [Vicksburg Mio, Olig | SH | Por | 32c 
114 | Cockfield (Pettus) Eoc Ss Por | 15 | DF 14 
115 Sperac Cees) vee Ss Por| 8 | AF 5 
atahoula io 
116 { Sto et SH | Por|20 |DF| 7 
117 | Frio Olig Ss Por | 22 | D 6 
Pli, Mio Pli 
118 Mid-Olig Frio Mio, te Ss, SH | Por | 30¢ | D 91 
io, Frio (0, Olig 
120 | Frio Olig Ss Por | 10 D 4 
121 | Cockfield (Pettus) Eoe Ss Por | 19 | DF 24 
122 | Marginulina Olig s Por | 16 A 9 


— 


Depth 
Name of Hole, 
Ft. 

Frio 10,147 
Vicksburg 8,893 
Frio 9,0004 
Frio 10,286 
Yegua 5,596 
Vicksburg 8,698 
Frio 7,424 
Frio 7,4716 
Vicksburg 8,271 
Frio 5,337 
Cook Mt. 6,789 
Frio 6,518 
Vicksburg 7,957 
Vicksburg 6,056 
McElroy 5,526 
Vicksburg 7,408 
Vicksburg 7,025 
Yegua 4,379 
Cook Mt. 6,212 
Frio 8,306 
Frio 7,003 
Yegua 4,252 
Vicksburg 7,375 
Whitsett 7,355 
Vicksburg 6,800 
Vicksburg 9,045 
Cook Mt. 5,038 
Vicksburg 6,077 
Yegua 4,660 
Cook Mt. 4,502 
Frio 6,860 
Vicksburg 11,130 
Frio 7,507 
Crockett 10,085 
Frio 8,843 
Queen City, 7,569 
Hockleyensis 8,888 
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OIL AND GAS PRODUCTION ON TEXAS GULF COAST 


ee a ee et 


Line Numbe 


Area Proved, Acres Total Oil Production, Bbl. 
Field, County 
Oil To End of | Duri Durin 
£5] Oil | and} Gas | Total ° 1937 % 1936" 1937" 
as Gas 
Sr) 
-9 
ga 
<a 
Pierce Junction, Harris.......... 17 320 0 0 320} 30,883,197 | 1,293,178 1,302,756 
Placedo, Victorta................ 3 3,400 0 50 3,450 4,450,332 | 1,347,000 2,952,157 
Pledger, Brazoria.......... ae we 20 0} 1,100 1,120 17,068 0 0 
Plummer, Bee.............. 2 140 0 20 160 44,763 730 44,033 
Plymouth, San Patricio 3 1,970 0 0 1,970 9,103,395 | 3,429,482 5,015,152 
Port Lavaca, Calhoun............| 4 200 0 30 230 344,087 133,875 63,876 
Port Neches, Orange............. 9 175 0 0 175 4,481,779 561,260 444,580 
Premont, Jim Wells............. 5 500} 80 0 580 296,487 800 287,884 
10 2,812 0 600 3,412 19,077,575 | 1,941,871 2,020,909 
10 1,458 1,458 16,148,438 969,755 799,500 
4 1,354 1,354 2,929,137 972,116 1,221,409 
3 400 0 0 400 1,266,012 615,583 352,377 
10 1,877 0} 2,720 4,597| 35,865,581 | 1,788,649 2,253,462 
1,025 1,025} 22,184,935 780,000! 898,500! 
852 852 13,680,646 | 1,008,649! 1,354,962! 
1 50 0 50 100 4,737 4,737 
10 20 0 0 20 30,858 791 0 
4 1,200 0 0 1,200 4,990,675 | 1,775,792 1,811,595 
1 50 0 50 100 13,792 13,792 
1 100 0 20 120 51,584 51,584 
Saratoga, Hardin................| 37 538 0 0 538) 28,449,794 366,057 347,746 
Satsuma, Hapries. steno eee 2 180 0 0 180 154,033 28,259 125,774 
Baxet) Nupees. cb 80.5 oaks on 8 4,286 0} 1,300 5,586} 21,124,616 | 4,864,619 12,940,670 
Bohwah; Polkisns.. oye) nates 4 0} =90 0 90 105,911 34,370 42,756 
Seabreeze, Chambers............. 2 160 0} = =120 280 30,064 863 29,201 
Segno, Polk. . 2 450 0 0 450 467,433 2,140 465,293 
Silsbee, Hardin. . See ae 300) 0 0 300 436,228 6,880 429,348 
Sinton, San Patricio... 4 225! 100 0 325 72,841 11,507 7,204 
Blioks Goliad. sao" sinrsie howe. ct 7 40 0 10 50 67,760 526 13,832 
Sour Lake, Hardin............., 36 946 0 0 946) 78,553,536 572,165 567,661 
South Clara Driscoll, Nueces. .... 1 50 0 0 50 17,214 17,214 
South Houston, Harris........., 3 750 0 0 750 3,268,686 | 1,226,850 1,961,421 
South Liberty, Liberty........... 13 344 0 0 344) = 15,258,277 231,740 208,675 
Spindle Top, Jefferson........... 37 430 0 0 430} 123,925,986 844,684 902,512 
Shallow shi. aces me 37 280 280} 51,159,400 102,500 210,012! 
NGA Or eee 12 150 150) 72,766,586 742,1841 692,500! 
area Montgomery.......... 4 0} 100 0 100 996 | Abd. for oil 1935 
Stratton, Nueces................ 1 150} 50) 50 250 21,985 21,985 
Stratton Ridge, Brazoria.........| 16 25 0 0 25 12,214 | Prod. depleted 1933 
Sugarland, Ft. Bend............. 26,258,210 | 1,732,343 1,390,959 
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Total Oil F Depth, 
Production, US Re A Number of Oil and/or Gas Wells Average 
Bbl. ae in Feet 
During At End of 1937 
1937 Y 
Daily : Maxi- | Com- —| Bottoms 
Rs Average | To End | During | During Daily pleted = of Pro- 
3 during of 1937 | 1936 1937 ay | toEnd | _ z nae i) eo | ductive 
& | Nov. 1937 during | of 1937) S | & /55| Be] BB| eel .€ | Wells 
z 1937 2 | 5A 38 35 35 S 
[=" a =] a 
2 E | |B2|25|22|8a| 32 
. S| S| e@|cgC|G4 ao] So 
3,800 
| 123 3,045 262 14} Qs ie 77 77 { 1300 
4.773 
124 8,555 137 23 168 64, y | y | 168 5 | 168 5,995 
125 0 9,550 | 8,051 ret 11) 000 0 ADs| sit 6,800 
126 253 10 8} 0| 0 9 Aj 10 3.042 
127 15,236 147 B30 OM 147 147 | erty 
128 91 134 241 13 o| 1] 2 7 Salat 6,251 
c. 129 1,283 20 1} 0] 0| 19 19 3,942 
3 130 609 23 35 291 0| 1| 30 4| 34 { Hee 
131 4,294 816 633 231 12] 19 | 13 | 169 2 | 171 
, 132 1,695 142 3} 19 | 11| 84 1| 85 3,490 
f 133 2,599 89 9) 02 85 1 86 4,120 
i 134 544 43 ol yi y| 24 24 3,944 
135 5,470 21,236 | 20,732 453y | 32) 3| 13 | 124 65 | 189 { j|ibse 
‘ 136 2,1301 3,700 
2 137 3,340! 5,400 
: 138 49 265 466 2 2} 0| 0 2 2 4.015 
e 139 0 8 0| o| 0 0 0 1,275 
% 140 3,170 218 548 204 17/ 0| 4) 188 12 | 200 2,790, 
¢ 13 6 A Ol 3 3 6 4100 
J 141 37 She 
a 142 332 6 6| 0] 0 6 6 6,500 
¥ 
4 143 931 7572 o| o| 6 | 233 233 1,000 
3 9 6| 0| 0 9 9 6,835 
144 282 49 ee 
145 41,092 6,592 | 8,559 650 | 285) 1y| 36y| 566 47 | 613 4,000 
4 i; o| 1 3 3 4'877 
- :, le sll a 3 3 6 8,190 
iy 486 7 ee 
5,300 
148 1,884 27 | 26} 0] O| 27 27 | oe 
27 251 0| 0| 25 27 6,950 
to vee 455 7 0| oO} 6 1 1 5,530 
151 14 5 1; 0} 3 1 1 2 4,225 
152 1,407 7820 2} y| 43} 190 190 900 
2 2) 0 2 2 3,930 
. a 2| 94 Sasol fone 
154 3,965 i | 140 98 22| 2 ee 
323 11} 0] 4] 48 48 3,500 
He 9n8 1,350 4) y| y| 143 143 
157 5181 1,002 0 
158 1,707 348 4 
159 1 0 
160 151 5 5 
0 
0 
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Depth, Oil Production Ghacactae of Ol eAtneee Character of Gas, 
Average | Methods at End Pressure, Lb. per Sq. In.¢ pracker Of \)» “pprox. | Approx. Average 
t Be of 1937 Pe Average during 1937 swiss 1937 
Number of Wells Average at End of ati hire 
To Top of Gal. 
Produc- nh B.t.u. Gasoline 
5 A Tnitial per 
3 tive Cu. Ft. = 
BS = one ar a ee 1936 | 1937 | 8| 8/88) 28 eae ay 
2 ae 3/8 | 35 |S5| 8 
4 ala | & By ee 
123 {oreo} 18} 59 355 41.521 | 27.6 | 0.17] A 
4,750 825 22.8) 
124 { 5/900 } 116) «48 { 1.800 36.4) 4 | A 
125 | 6,650 2/450 2,450 | 2,450 55.8|y |M 
126 9 1010 1,000 
B 000 32 
127 iy {i'i00 | i000} ait |¥ | A 
128 5] 2 500 850 61 /41 | 43° |y | mM! 1,000 
129 4) 15 155 38 |19.4/29 |26 | A 
130 | 3,248 4| 26 228 We HOA 
131 70| 99 x y |38 |16 |30 |1s | A] 1,000 80 
132 | 3,280 1] 33 275 32 |16 | 28 18 | A 
133 |, 4,070 69] 16 e1,800 38182, 1.240 Mie ehna 
134] 3,838 24 450 400 0 46 ayo {cM 80 
135 79) 45 1,200 60y 20 “|/Stan ia ton 
136} 3,600 550 33 AION oe 
137 y 1,700 80 laT. Wek 
138 | 4,000 2 0 0 y y y 
139 | 1,260 25 j21 | 21 |96 | A 
140] 2:770 138] 50 1,000 1819 ty 
141 1} 2 1,300 52 141.5 # I y 
142] 6,490 6 2,200 2,025 at ghey 
143 233 z 22 16 |20 ly | a 
144] 6,825 9 2,400 2,400 46 |41 | 44.5 
T 080 424] 127] 1 ss, ayes REL 2 
145 | 4 4,08 5 50 |20 | 31 ; 
6,720 745 600 nH as 
146 4,856 | aes 1,400 50.7|40.4) 48 |y | 
147 | } §'419 a} 3,300 3,300 | 3,300 50 | 0.04) p 
$5,150 
148 | 1 6,261 27 7005 7005 40.4|y | M 
149 | 6,900 25 5758 5758 40 |44 |y |p 
150] 5,520 1 2,200 49 |36.5]47 |y | 4 
151} 4,211 1 550 800 0 46 | 0.04] M 
152 12| 178 x 31 |16 | 20 ly | A 
noe thee 1,300 | 1,300 ee sa Ie 
154 | } 41575 } m1) 28 { 1,600 | 1/600 } 32/18 | 25 |y | A 
155 3] 45 50 47 20.5] 24 | 0.18] A 
156 9] 134 26 «| 0.24) A 
157 7] y x Bee 2b. A 
158 7] 7] 400 + 29 |23 | 26 A 
159 | 5,835 2,000 
jaitet 3 1,850 : Rat aka 
160 | 5,99 } 1,850 ¢ 
6,481 emt Be VA 
161 : « x 29 z A 
162 42] 9 e1,570 | e1,376 23 | 031] A 
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Deepest Zone Tested 
to End of 1937 


Ses 
Gn 
ac pis Depth 
8 Name Agel ae A pts Name’ of Hole, 
g % + cee) %» (STS Ft. 
3S & | as 5 |S8s 
A E | 2) 8 | 3 es 
o I] 
3 S& |a& | at la tse 
123 ican wo} Ss Por | 13802 | Ds | 172 | Hockleyensis 7,165 
mod] | Heterostoging | lig SH | Por] 12 | Af | 9 | Frio 7,242 
125 | Frio Olig 8 Por | 100 D 9 | Frio 8,115 
126 | Cockfield (Pettus) Eoc Ss Por y NF 5 | Cook Mt. 4,256 
127 | Frio Olig Ss Por | 20 MC 20 | Frio 7,253 
- 128 erie oe iS) Por | 15 DF 11 | Frio 6,780 
i, Mio i ; 
% 129] {Eh Mio, ote} SH,S | Por| 40 | Ds| 10 | Vicksburg 7,6678 
130 peers one gs |Por| 10 | D | 12 | McElroy 7,135 
131 Df 78 | Claiborne 7,061 
eee leek |B 
OcKne: OC pi iy 
134 | Cockfield (Pettus) Eoc SH Por | 15 DF 8 | Yezua 4,253 
135 SH Por | 30 D 108y| Vicksburg 9,225 
Oakville A 
: 136 { oa af Mio SH | Por | 30 
137 | Frio Olig SH Por | 30 
r 138 | Frio Olig Ss Por | 15 NF 1 | Hockleyensis 7,567 
z 139 | Cockfield Eoe Ss | Por} 10 |MF| i2]y ; 1,835 
rf 140 va i Olig 8 Por | 20 A 38y} Hockleyensis 5,595 
‘ atahoula 10 AF ; 
, 141 {Fao Jackson Olig, Boe } Ss,S | Por 7 19 | Hockleyensis 5,701 
142 | Frio Otig oy) | Pet? D | 2 | Vicksburg 7,012 
Lagarto sy D 1 
143 || re Oke, Cap oe) jae Ss,L | Por] « | Ds | 2172| Salt 7,46 
r _ 144 | Cockfield oe gs |Por| 10 | D 2 | Ye-ua 7,520 
- Oakville 4 Mio 101 | pr Fri 29 
145 | | Via Olig Frio Mie} Ss | Por {is} DF | 67 | Frio 8,229 
146 | Cockfield Eoe Ss 25a 9 NF 14 | Yegua 5,533 
: 147 | Frio Olig Ss | Por} 25 | Ds 4 | Frio 9,647 
z 14 | § Cockfield \ Eoe Ss | Por| 20 | N 1 | Cockfield 5,194 
Saline Bayou 
149 | Cockfield Eoe s Por | 15+ | Ds 3 | Yezua 7,778 
150 | Frio Olig Ss Por} 10 D 6 | Frio 7,438 
4 151 | Cockfield Eoc Ss Por | 10 D 9 | Yegua 4,580 
“3 Cap rock, Pli, Mio, Mid-Olig, | Pre-Ter [L, Ss, SH Cay 
152| Jackson, Upper Saline Bayou res ane SH Por x Ds | 190 | Yegua 7,914 
ig, toc . 
153 | Catahoula ie Ss Por = D 1 | Frio 5,689 
154| Mio, Frio {ot | 3 | Por ay Ds | 17 | Salt 6,850 
155 {Jan ee ne Hg SH, Ss | Por | 1002 | Ds | 117 | Upper Saline Bayou | 5,174 
A, pepe Ds | 126 | Vicksburg 6,749 
Pre-Ter Cav 
ge7ig cap tok Ph } TG ee 
tes Mio, Mid-Olig Mio} Ss | Por| 69 
159 ockcfield Eoc Ss Porn 8 D 11 | Cockfield 6,452 
160 | Frio Olig Ss Por | 12 L 1 | Frio 6,904 
161| Mio ° Mio S$ Por | 10 Ds 108 | Mid-Olig 7,624 
{ Heterostegina__ i 25+| 80 | Ds 6 | Vicksburg 4,518 
162 pratt rio | Olig es “ 
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Maco Stewart Fee No. 1 came in as a Miocene producer at a total depth 
of 5140 feet. 

Harris County Humble Oil and Refining Company’s No. 1 Settegest 
was the discovery well for the Webster field. This area promises to 
become one of the most important on the Texas Gulf Coast. The well 
was dug to a total depth of 6040 ft., plugged back and completed at 
6009 ft. in the Frio. The initial production was 650 bbl. through a 
14-in. choke. 

Hidalgo County.—The LaBlanca field was discovered by Pantana 
Petroleum Company’s No. 1-B Engleman. This is a major structure, but 
until the present time the production has been primarily gas with appre- 
ciable amounts of distillate. 

Jackson County.—The Texas Company’s No. 1 Mauritz opened the 
Ganado field. The development until the present time does not indicate 
a field of any great magnitude. 

Jefferson County.—The Cheek field and the LaBelle field, discovered 
by the Magnolia Petroleum Company’s No. 1 Phelan and Sun Oil Com- 
pany’s No. 2 Hebert-Broussard, respectively, do not at present show 
possibilities of developing into important producing areas. 

Jim Wells County.—Magnolia Petroleum Company’s No. 7 Seeligson 
discovered East Premont. This well was dug to a total depth of 8162 ft., 


TABLE 1.—(Continued) 


Area Proved, Acres Total Oil Production, Bbl: 
Field, County 
Oil : : 
gr f To End of During During 

i ee at ceas8| cg ihe 1937 1936 1937 
Zz -S 

a Go! 

8 Soc5 

fc J 

163 | Sullivan, Nueces.............00. 2 40 0 0 40 33,542 6,002 27,540 
164 | Taft, San Patricio............... 3 700 0 0 700 1,586, 

165 | Telferner, Victoria.............. 1 20; 0} 40 60 a ay on a dy 
166 | Thompsons, Ft. Bend............ 7| 3,185] 700 0 | 3,885] 25,891,362 | 3,522,892 | 4,165'397 
167 | Tomball, Harris.............:.. 5| 7,350) 0| 1,200 | 8,550| —_8,821,407 | 2,626,409 | 3,062,072 
168 | Tom O'Conner, Refugio.......... 4 4,400 0 0 4,400 6,656,020 | 1,4 

169 | Turtle Bay, Chambers... ‘| 3{ 550 0} 40 590 ‘353 | ‘tsaons | “Su7oe2 
170 | Vanderbilt, Jackson. . . 4 20} 0| 50 70 143,264 | 26,809 28,435 
171 | Voss, Bee............. 2}° .100). G- 0 100 67,420 | 36,587 30,833 
172 | Webster, Harris...... (a 480 0 0 480 89,431 89,431 
173 | Weser, Goliad................... 2 50} 0 0 50 21556 1,166 1,390 
174 | West. Columbia, Brazoria........ 23 450 0 0 450) 80,308,521 788,095 840,026 
175 | West Tuleta, Bee.............0. 6 880] 25 0 905] 1,543,420 | 349,956 231,943 
176 | White Point, San Patricio........ 8 0} 20] 3,865 | 3,885 96,223 5,861 17,322 
177] Wilson Creek, Matagorda......... 1 50 0 0 50 24,434 
178| Withers, Wharton............... 2 900] 0 0 900 799,486 | 229,992 560494 
1701| Worth; Bervacecaetecccknnoetens 3 50} 0 0 50 27,275 | 11,503 6,081 
180 Totalssegav sees eh ene 113,858) 7,995) 29,750 | 151,603|1,21 6,624,938 |90,865,293 |120,141/499 
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plugged back and completed in the Vicksburg at 6595 ft. While detailed 
information is searce, indications are that this well has discovered a 
major structure. 

The Sandia field, an older gas-producing area, was opened to oil 
production in 1937 when Smith et al. No. 1 Wade was completed as an 
oil well in the Jackson at 5163 ft. This well has a total depth of 5702 feet. 

Karnes County.—Oil production was discovered in the Burnell south 
field by Pettus Refining Company’s No. 1-A Kinney, which came in as a 
Cockfield producer from 3653 feet. 

Matagorda County —The Palacious and Wilson Creek fields, discovered 
by Glenn McCarthy No. 1, Foley Land Co., and United North and South 
Development Company’s No. 1-B Stoddard, respectively, are both pro- 
ducing from the Frio. The former field is producing from 7880, while the 
latter has a production depth of 9978 feet. 

Maverick County.—The East Chittim field was discovered by Welling- 
ton Oil Company’s No. 1 Chittim. This well was completed in the 
Edwards limestone at 3287 feet. 

McMullen County.—Jones No. 4 Ezzell was the discovery well of the 
Ezzell field when it was completed at 1533 ft. in the Jackson. Subsequent 
development has indicated a large area for oil and gas production. 


TaBLE 1.—(Continued) 


Total Oil : Depth 
: Total Gas Production, : epth, 
Erection, o Millions CuFt. Number of Oil and/or Gas Wells ae 
During At End of 1937 
1937 nee 

Daily , : Maxi- | Com- | Bottoms 
AF Average | To End | During | During | ™U™ | pleted =] of Pro- 
S| ‘during | of 1937] 1936 | 1937 | Daily | to End ~g \BE o so | ductive ° 
E | Nov. 1937 during | of 1937| S | & [55] S>| #%| P| 2 | Wells 

1937 = | 8 |80/-82|-281-25 8 

A any S2| 3O| 5 EI 33 
z @ | 2 |ea|Se|23| 2| $2 
4A O | = ae | a> aR] ae a 
163 159 2 1.03 <0") 2 2 | 5,780 
164 2,757 69 Wot} tl 67 67 | 4,938 
165 0 63 63 1 Ol oF 1 ine bald 
166 8,979 | ~ 212 4 y|_y | 204 204 | 5,200, 
167 7,681 140 | 3,567 377 | 74 0| 0| 326 51 |. 377 { bere 
168 | 12,279 907 | 134) 0| 2| 224 1| 225 | 5,930 
169 | 1,189 136 27 | 20| o| 0| 25 2| 27 | 6,615 
170 68 2 7S Oey |e theese | 1 | 5,582 
171 | 39 7 ol 8h—3 qi deal > 45005 
172 678 w | 12) 0| 0| ~12 12 | 6,050 
173 0 1 0.1 1). 0 o | 4,812 
174 2,671 251 | 15, 0| 0| 50 50 { pace 
175 567 66 22 or | | y| 12] 37 7| 44 |{ i83 
176 35 1,709 | 2,095 5} A] 0} 1] 0 so | 39 |} 4900 
177 95 1 i) 0 |e) 4 1 | 9,978 
178 1,341 43 | 26, of 1| 40 2| 42 | 5,560 
179 0 2 OO 2). 0 o | 3,407 
180 | 326,134 17,501 | 2,366| 66 |373 | 8,463} 12 | 493 | 8,968 
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Newton County.—Houston Oil Company’s No. 1 Peavy Moore, drilled 
to a total depth of 7069 ft., plugged back and completed in the Cockfield 
at 6919 ft., was the discovery well for the Call field. As yet, the develop- 
ment of this field does not warrant a prediction as to the importance of 
this strike. 

Nueces County.—Of the discoveries during 1937, Luby is probably 
the most important. This field was discovered by Seaboard Oil Com- 
pany’s No. 1 Luby completed in the Frio at 5050 ft. Extensions have 
since been completed in the Catahoula at 4088 and 4350 ft. Another 
field of interest is the Stratton field, which was brought in by Camp Drill- 
ing Company’s No. 1 Wardner in the Frio sand at 6002 ft. after plugging 
back from 6484 ft. This field also has been extended by other comple- 
tions at 4725 and 6486 ft. The London field was discovered by Welling- 
ton Oil Company’s No. 1 Stockton, which may also prove to be of 
importance. The original well was drilled to a total depth of 7005 ft., 
plugged back and completed in the Catahoula at 4703 ft. Subsequent 
extensions in the Catahoula at 4761 and 4906 ft. indicate this field’s possi- 
ble importance. Other fields discovered during the year are Chapman, 
Richard King and South Clara Driscoll. Of the three, South Clara 
Driscoll has the greatest possibility of developing into an important 
producing area. 


TaBLE 1.—(Continued) 


Depth, Oil Production . Character of Gas, 
Average | Methods at End Pressure, Lb. per Sq. In.¢ Character of Oil, Approx. Approx. Ave 
in Feet of 1937 eh Average during 1937 otis 1937. 
Number of Wells Average at End of Gre) fakes 
To Top of Gal. 
Produc- FP Btu. Gasoline 
& tive Tnitial ont, per 
YZ, a4 . Ft. 
Be Ae bw 2 19396 | 1937 | £/8| 38 lek 
o ‘E Fy : a=) E = S a & 
2 p| 3 a2 | 82 Bs] 3 
a e& | a leet BTS oe fQ 
163 | 5,756 2 2,000 a iy | y 
164 3,950 64 3 600 22.4) y y 
165 5,100 900 900 27.4 
166 5,100 182} 22 e2,430 €2,340 25 0 20 K 
167 { Pan 319] 3/4] 02,490 y 45.437.5| 41 | 0.04] M 80 
168 5,850 224 1,040 880 880 36 0.02) A 1,000 100 
169 6,600 20 5 2,400 2,400 32.6 30.6) 32 y M 
170 5,562 1 500 0 32 0.13) A 
171 4, 1 2 45 y M 
172| 5,811 12 30 |y | y 
178 4,802 750 750 0 46.5 | y y 
174 20) 30 32 {18 | 28 y A 
1751 {Ftp} | 12] as} 7] zoe bl [45 | 47 |y |M 
176 | 4,880 {2,000 } 31 | 0.09] M 
177,| 9,925 1 52 y 
i 5,545 40 ory 775 26.1 | y k ‘ 
30. 
180 5,405] 3,006] 52 oie s 


a 
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San Patricio County.—Schmidt No. 1, drilled by Phillips Petroleum 
Co., discovered the Midway field. This well produces from the Frio at 
5340 ft. Further development of the field will possibly prove an area 
of importance. 

Tyler County.—Joe’s Lake was discovered by the Republic Production 
Company’s No. 2 Hurd, which was drilled to 7641 ft. and completed in a 
sand of Claiborne age (Sparta). 

Victoria County.—As the year neared its close, the Telferner field was 
brought in by W. V. Bowles’ No. 1 Robertson, which was drilled to a 
total depth of 6120 ft., plugged back and completed at a sidetracked depth 
of 5114 ft. in the Frio sand. As yet, no definite information is available 
as to the possibilities of this area. 
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TasBie 1.—(Continued) 


. t Zone Tested 
Producing Rock Decnes dof 1 937 e 
~# 
igs} n 
Saga | OS 
ge a Sco Depth 
8 f ; Name of Hole, 
8 Name Age 5 < & 5 = Is 3 8 Ft. 
3 S | Bl\s2) Bigs 
3 e | 2 \|38| 2 Sc3 
3 Solel ete on 
163 | Frio Olig Ss Por | 10 | DF 1 | Frio 6,912 
Ss} por}20 | D| 7 | Fri 6,926 
164 | Heterostegina Olig SH ‘or 0 ; 
Li Olig Ss Por| 8 Df 0 | Frio 6,138 
3 Sie oti, Frio Olig Ss 25 | 84 D 28 | Vicksburg 8,539 
167 | Cockfield, Yegua ' | Koc Ss 252 | 9 | DF 36 | Yegua 7,438 
i Olig Ss Por | 45 Af 8 Frio 8,174 
ee Tee santina Olig Ss Por | 10 D 5 | Frio 8,025 
170 | Frio Olig SH Por| 8 | DF 5 | Frio 7,042 
171 | Cockfield (Pettus) Koc 8s Por | 5y | NF 8 | Upper Yegua 4,308 
172 | Marginulina-Frio Olig Ss Por | 40 D 3 | Frio 7,777 
173 | Yequa 0c i SH Por| 7 | MC 1 | Yegua 5,052 
174 | Pli, Mio, Mid-Olig, Frio, Vicksburg { Oite to} Ss Por |250+| Ds | 170 | Vicksburg 6,306 
175 | Cockfield (Pettus) Eoe SH Por | 11 | DF 24 | Mt. Selman 6,062 
Lagarto Mio ss | Por|10 | D | 27y| Frio 7,211 
176 | | Nid-Oe oie f Be ee die fa 
177 | Frio Olig Ss | Por| 8 | DE 0 | Frio mae 
178 | Marginulina Olig § Por | 10 | Df 2 | Frio ae 
179 | Cockfield (Pettus) Eoc SH Por| 5 D 11 | Pettus 3,70 
180 : 5,380 
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TABLE 2.—Summary of Drilling Operations on Texas Gulf Coast 


Important Wildcats Drilled in 1937 


Location 


1 | Aransas.......... Lewis Survey on Edwards Tract 
2 J. Orick Survey on Porterfield ‘“D”’ Tract 
3 | Aransas.......... J. Orick Survey on McCampbell “B” Tract 
4) Aransas......,.5.. J. Orick Survey on McCampbell “A” Tract 
5 .| Uranga Grant on Strauch Tract 
67 || Beamer me tee Uranga Grant on Hicks Tract 
7 | Bragoria......... C. Breen Survey on B. R. L. Co. Tract 
8 | Brazoria......... C. Breen Survey on Carson Tract 
9 | Brazoria......... D. Tulley Survey on Fite Tract 
10 | Brazoria......... Geo. Tennille Survey on Phillips Tract 
LLs | Brooks22:.0-0. e05 Salinas Survey on Mestenas lease 2 
12 | Brooks........... Salinas Survey on Mestenas lease 1 
13: |) Brooks’ sc ee ee Salinas Survey on Mestenas lease 1 
14] Brooks... 0.3,..5%. Salinas Survey on Mestenas lease 1 
15 | Calhoun......... Sisneros Survey on Marshall Tract 
16 | Calhoun.......... Sisneros Survey on Cook Tract 
17 | Calhoun......... Sisneros Survey on Bennett Tract 
18 .| H. T. & B. Survey 103 on Acorn Tract 
19 | Chambers........ H. T. & B. Survey 128 on White “A’”’ Tract 
20 | Chambers........ S. Barrow Survey on Lawrence “C” Tract 
21 | Galveston........ M. Dunman Survey on Code “B” Tract 


J. Spillman Survey on M. Stewart fee 

We t. M. Baker Survey on J. Hughes Tract 
.| Marshall Survey on Dr. Allen Tract 

Reels & Trobrough Survey on Moody Tract 
Perry-Austin Survey on Settegast Tract 

.| Sec. 259 on Engleman “B” Tract 

Lat. 223 on McDougal Tract 

Por. 40 on Guerra Tract 

Rodriquez Survey on Rodgers Tract 


Sec. 4 on Mauritz Tract 
..| S. Stivers Survey on J. H. Phelan Tract 
..| 8. Stivers Survey on J. H. Phelan Tract 
..| W. H. Smith Survey on Junker Tract 
..| W. H, Burton Survey on Hebert Broussard Tract 
..| H. Williams Survey Nanas Tract 
. .| Los Jaboncillos Grant on Seeligson Tract 
..| Survey 215 Bennett “A” Tract 
..| Survey 231 on Ritter Tract 
..| Bode Subdivision on Wade Tract 
.| Ballard Survey Kinney “A” Tract 
..| K. T. & I. Subdivision on Kleberg Tract 
.| E. Hall Survey Croker Tract 
..| L. Goodwin Survey on Foley Land Co. Tract 
..| B. Cotton Survey on Stoddard “B” Tract 
-| Block 7 on Chittim Tract 
..| Sec, 20 on Ezzell Tract 
..| H. T. & C. Survey No. 42 on Peavy Moore Tract 
.| Sec. 88 on Chapman Tract 
Sec. 38 on Chapman Tract 
Block 6 on King Tract 
ble Survey on Sevier “A” Tract 
Gamble Survey on Sevier Tract 
Sec. 109 on Elish Tract 
Sec. 25 on Stockton Tract 
Sec. 25 on Stockton Tract 


57 Sec. 2 on Luby Tract 
58 .| Sec. 77 on Cunningham Tract 
59 Sh. 9 on McCann Tract 


.| Sec. 125 on Dugger Tract 
.| Stratton Subdivision on Wardner Tract 

.| Stratton Subdivision on Wardner Tract 

.| Stratton Subdivision on Wardner “A” Tract 
.| Wm. Dyson on Chesson Tract 

.| M. E. Hall on Stark Tract 

I. & G. N. Survey on Wing Tract 


8,869 


NADH 
3s 


eis: 
non 


g235 


wo 
ous 
NB 


Surface Deepest 
Formation cies 
es' 
Alluvium Frio 
Alluvium Frio 
Alluvium Frio 
Alluvium Frio 
Lissie Yegua P 
Lagarto Hockleyensis 
Alluvium Frio 
Alluvium Frio. ‘ 
Alluvium Marginulina-Frio 
Alluvium rio 
Quaternary Catahoula 
Quaternary Catahoula 
Quaternary Catahoula 
Quai Vicksburg 
Beaumont Catahoula 
Beaumont Frio 
Beaumont Frio 
Alluvium Frio 
Alluvium Friot 3 
Beaumont Marginulina-Frio 
Alluvium Frio 
Beaumont Miocene 
Beaumont Pliocene 
Yegua 
Beaumont Miocene 
Beaumont Frio 
Beaumont Frio 
Beaumont Frio 
Alluvium Frio 
Beaumont Frio 
Beaumont Frio 
Beaumont Frio 
Beaumont Frio 
Beaumont Frio 
umont Marginulina 
Beaumont Oligocene 
Lissie Vicksburg 
Lissie ‘atahoula 
Lissie Catahoula 
Lissie Jackson 
rto Cockfield 
Beaumont Catahoula 
Beaumont Frio 
Beaumont Frio 
Beaumont Frio 
Escondido Edwards lime 
Lagarto ackson 
Lissie Cockfield 
Beaumont Frio 
Beaumont Frio 
Beaumont Vicksburg 
Beaumont Frio 
Beaumont Frio 
Beaumont Frio 
eaumont Frio 
eaumont Catahoula 
eaumont Frio 
Beaumont Frio 
Beaumont Frio 
eaumont Catahoula 
Beaumont Frio 
eaumont Frio 
eaumont Frio 
Beaumont Frio 
Alluvium Frio 
Lissie or Lagarto | Lower Cockfield 


a 
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TABLE 2.—(Continued) 


Important Wildcats Drilled in 1937 


Initial Production | Choke Pressure, Lb. 
per Day ir: per Sq. In. 
eee a 3), Bean; 
Drilled by Frac- Remarks 
Oil, Gas, tions 
U.S. | Millions} of an. | Cas- | Tub- 
Bbl. Cu. Ft. | Inch ing ing 
¢ 1 | Barnsdall 73 3 36 0 | 980 | Discovery Lamar 
2 | Atlantic 379 346 | 1,475 | 1,175 | Extension Aransas 
r 3 | Buckingham & Jones 86 964 | 2,825 | 2,500 | Extension Aransas 
4 | Buckingham 200 1g | 2,650 | 2,300 | Extension Aransas 
5 | Dirks Bros. 230 346 150 | 240 Detevery nes (Strauch) 
6 | Dougherty 40 1g 300 | 140 | Extension Normanna 
7 | Harrison & Abercrombie 280 4 3,750 | Extension Old Ocean 
8 | Harrison & Abercrombie 275 ly 3,850 | Extension Old Ocean 
9 | H. De Arman 47 1g 1,200 | 1,100 Disoovey ey par a 
10 | Sterling O. & R. Co. 480 0.2 Y% 600 | Extension West Columbia 
= 11 | Standard of Texas Gas 1.4 Extension Alta Mesa 
“ 12 | Standard of Texas 40 Pmpg Extension Alta Mesa 
13 | Standard of Texas 350 Y 400 | 140 | Extension Alta Mesa 
=a 14 | Standard of Texas 47 346 100 | 100 | Extension Alta Mesa 
< 15| Humble 0. & R. Co. and| Gas Extension Heyser (blew out; cratered) 
5 Plymouth Oil Co. ¢ 
y 16 Nenmandic 725 36 150 | 350 | Extension Heyser 
: 17 | Commonwealth 200 94 |1,090 | 710 | Extension Heyser 
s 18 | Sun 644 4 2,125 | 1,250 | Extension Seabreeze 
ee 19 | Sun Dist. 4 3,000 | 2,750 | Extension Seabreeze 
: 20 | Salt Dome 600 A 1,000 | 1,000 | Extension Cotton Lake 
21 | Stanolind 332 Y 740 ae eg High iene ‘ 
60 Y 850 6 first production Hitchcoc 
33 ps Gas 1,150 | 925 | Extension Green’s Lake 
* 24 | Dirks Bros. 30 34 1,750 | 1,750 | Extension Slick 
25 | Stanolind 20 Y 1,350 | 1,200 | Extension Clinton , 
26 | Humble O. & R. Co. . 650 0.25 Y% 850 | 800 | Discovery Webster (Friends-Woods) 
27 | Pantana 70 38 1,740 | 1,610 piscavery 3 a (Mestenas) 
: 1 A, 3,000 | 3,100 xtension La Blanca 
4 9 Come in Z 250 | 150 | Extension Samfordyce 
e 30| Steinberger and Chicago 15 \ Extension Edna 
S Gulf f 
ua i 65 ak 346 | 1,925 | 1,850 | Discovery Ganado 
: o oes se 432 yy 2,550 | 2,500 | Discovery Cheek 
33 | Magnolia 670 Y 2,030 | 1,850 | Extension Cheek 
34 | Gulf 667 Y 1,075 | 750 | Extension Fannett 
35 | Sun 48 YY 3,100 | 3,000 | Discovery La Belle 
36 | Glen McCarthy 456 VY 700 | 400 | Extension Amelia (W. Beaumont) 
37 | Magnolia 1,368 A 1,000 | 2,000 | Discovery Hast Premont 
38 | Graham 120 38 350 | 250 Esisoe prance’ 
46 xtension Premont 
5 oe te ae 1,300 | 250 | First production Sandia 
41) Pettus 314 yy Wa ee acti See eee) 
16 xtension ; 
re Ae ee ah ve 300 | Extension Hamman (S. Bay City) 
44 | Glen McCarthy 175 1244 | 2,000 | 2,850 | Discovery Palacious 
45| United N.& S 168 A 2,250 | 2,500 BEeorey Lae neces 
i 1 ; 100 Pmpg. iscovery Has 
ra pe opci 186 vA 450 | 1,000 | Discovery Ezzell 
48 Houston Oil Co. 800 yy 800 | 200 Disney eee 
125 % iscovery 
30 el nee 420 4 Extension ners : 
51 | So. Minerals 80 . Jetting Discovery Ric! ond ] ing 
52 | Wellington & Pan Am. 20 \% 2,300 | 2,100 | Extension Clara Bee 
3 | Wellington 78 346 | 1,300 | 850 | Extension Clara Driscol 
be Killam 151 542 | 1,710 | 1,360 | Extension Clara Driscoll 
5 | We Hh gton 250 38 700 | 100 | Discovery London 
Hs Ci sie & Cosner 45 WY 1,900 | 1,775 | Extension London 
g 57 Seaboard 156 346 | 1,710 | 1,500 | Discovery Luby 
g 58 | Richardson 114 M4 1am es Le soerriae pupy 
3 i 8 xtension Lu ; 
Le ee a s 6 960 | 480 | Discovery So. Clara Driscoll 
es 60 | Wellington & Seaboard % aries 
/ 61| Camp Drig. Co. 49 36 |2,150 | 2,050} Discovery ees 
= 21 C Drig. Co 40 Vy 1,750 | 1,700 | Extension Stratton 
‘ 63 | Camp Dlg. Co. 120 14 | 2/475 | 2275 | Extension Stratton 
Till y & R: n 736 YY 950 | 950 | Extension Orange 
ot oS 552 0.25 38 590 290 | Extension Port Neches 
ioe ne. 610 : A 1,750 | 1,500 | Extension Segno 
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Engineers’ Office of the Railroad Commission of Texas very kindly 
furnished the oil-production figures, as well as the major portion of the 
gas figures. Thanks are extended to T. G. Krandel, of The Texas Com- 
pany, who ably assisted in the compilation of the statistical data and the 
preparation of this report. 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1937 


Total Surface Deepest 
Count; Location Depth, “ Horizon 
y . Formation Tested 

67%) Polke cian e oe M. Victor Survey on Kirby ‘‘B” Tract 5,340 | Lissie or Lagarto Lower Cockfield 
68; Polk we ake I. & G. N. Survey 14 on Wing Tract 6,755 | Lissie or Lagarto | Saline Bayou 
69 | San Patricio...... Sec. 81 on Schmidt Tract 5,340 | Beaumont Frio 
70) ‘Tyler ohn cues N. Hurd Survey on Hurd Tract 7,641 | Beaumont Sparta 
TAS |eVietoriacs see orci ce T. G. Burham Survey on D. L. Robertson Tract 6,120 | Lissie Tio 
72 | Wharton......... T. Caladwell Survey Pierce Est. ‘“B’’ lease 5,553 | Beaumont Frio 


Important Wildcats Drilled in 1937 


Initial Production Pressure, Lb. 
per Day ne per Sq. In. 


1" Bean, : 
Drilled by ‘ Frac- Remarks 


67 | Humble 0. & R. Co. 480 \Y 700 | 600 | Extension Segno 

68 | Gulf. 722 14 | 1,250 | 1,000 | Extension Segno 

69 Spe 85 542 | 2,050 | 1,700 Discovery Midway 

70 | Republic Prod. Co. 408 \% 1,100 | 850 | Discovery Joe’s Lake 

71 | Bowles 72 %4 {1,350 | 520 | Discovery Telferner 

72 | The Texas Co. 232 1264 850 | 500 | First commercial production Five Corners 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 19387........ 181 59 
Number of oil wells completed during 1937....................... 1,982 147 
Number of gas wells completed during 1937........................ 81 24 
Number of dry holes completed during 1937....................... 273 592 
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Oil and Gas Development and Production in North Texas for 
the Year 1937 


By H. B. Fuqua* anv B. E. THompson* 


(New York Meeting, February, 1938) 


Tur area discussed herein, commonly known as the North Texas 
district, embraces the following 10 counties: Archer, Baylor, Clay, Cooke, 
Foard, Hardeman, Knox, Montague, Wichita and Wilbarger. It is 
underlain by two major structural features. The northernmost portion 
of the district, including Cooke, Montague, northern Clay, Wichita, 
Wilbarger, Foard and Hardeman Counties, is underlain by the system 
of buried mountains known as the Red River uplift, which is parallel 
to and closely related to the Wichita-Amarillo uplift of Oklahoma and 
the Texas Panhandle. While the presence of a great majority of the 
numerous oil fields of the area is traceable to this feature, the production 


Tape 1.—Oil and Gas Production in N orth Texas in 1937 


Area Proved, Acres Total Oil Production, Bbl. 
Age, 
Years 
q to 
’ Field, County En al ae 
a = 
q oa) sad | Gon |Tomd tt eae rape 
Gas 

a 

o 

1 | Petrolia,t:2 Clay. .......-0eees cece eect eeees 35 300 | 1,000) 4,000| 5,800) 6,717,997 184,370 
2 | Worsham, Clay......s.ce-seeeereecrerrets 14 300 0 0 300 236,408 0 
3 | K.M.A. (Deep), Wichita-Archer.....-.-++++++ 6 20,0008 0 0| 20,000 1,001,581 100,000+ 
4 | All other fields, Wichita.......--+-.+++-++05- 26 41,000 0 0| 41,000 | 300,715,609 5,659,230 
5 | All other fields, Archer........--+++++++0007> 25 23,000 0 0| 23,000 | 108,829,002 5,336,080 
6 | All fields, Wilbarger.......--0+e0esere eters 25 9,400 0 0 9,400 | 62,260,450 3,056,885 
7 | All fields, Montague.........-+-++eeereeeree 15 5,500 500} 500 6,500} 26,399,901 2,010,331 
8 | Portwood, Baylor.........++-+02seeeeeeceeee 13 600 0 0 600 3,553,502 1,174,569 
9 | Bruhlmeyer, Cooke.......-+--++++e+0re0820* 2 600 0 0 600 1,929,526 471,863 
10 | Miscellaneous, Cooke........+-++++¢eseee00-> 12 3,000 0 0 3,000} 11,509,320 1,108,457 
{1 | Thalia, Foard... ........+--cveseses rece tees 11 ‘0 100 0 100 271,901 25,860 
12 | Johnson, Foard, Hardeman,4 Knoz*.........-. 5 0| 600} 400 1,000 1,007,354 151,261 
13 PGP ete de cine es ata sm ysia slnyaytrereimiarens (oauaters 104,200 | 2,200) 4,900 111,300 | 524,432,551 19,278,906 


Footnotes to column heads and explanation of symbols are given on page 313. é 
1For Petrolia {field total gas production was: 98,807,766 M cu. ft. to end of 1937; production for 1936 was 315,000 M cu. 
ft. and 286,300 M cu. ft. for 1937. é a4 at 
2 Includes a few isolated producers with negligible production in other parts of county. ; ; 
3 Part of this acreage productive in shallow zones is again included in “ Wichita County—all other fields” and is duplicated 
in total proven acreage of district. : : 
4 Number of dry holes drilled in county as follows: 30 to end of 1937; none during 1937. Ne production.) 
5 Number of dry holes drilled in county as follows: 14 to end of 1937; none during 1937. (No production.) 


6 Previous error corrected. 


Manuscript received at the office of the Institute Feb. 16, 1938. 
* Gulf Oil Corporation, Gulf Production Division, Fort Worth, Texas. 
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in Archer, southwestern Clay and southeastern Baylor Counties is due 
to the influence of what is known as the Cisco arch (so called because of 
its influence on Cisco deposition), the axis of which extends in a north- 
west-southeast direction across southwestern Wichita County into 
Archer County. 


DEVELOPMENTS DURING 1937 


While a number of small local productive spots were found in Wil- 
barger, Archer and Wichita Counties and minor local extensions made to 
all the producing counties in the district, only one major discovery of a 
deeper horizon in a previously proven area and one intensive develop- 
ment campaign in a horizon discovered during a previous year are of 
sufficient importance to justify special comment. 

The Phillips Petroleum Company’s No. 51 W. T. Waggoner, in the 
old Rock Crossing area of central Wilbarger County, was completed in a 
pay (3069 to 3071 ft.) of lower Canyon age for an initial production of 
276 bbl. in 3 hr. This pay is lower stratigraphically than any previously 
found in the county and considerable development both by drilling of new 
wells and by deepening of old depleted producers has followed. 

The intensive development of what is known as the K. M. A. (deep) 
pay in southwestern Wichita County during the latter part of the year 
1937 far exceeds in importance any other activity in the North Texas 
district. The discovery well in this deeper horizon was drilled by the 
Deep Oil Development Co. on 8. I. and H. M. Munger land, and was 
completed on July 23, 1931, in sand and lime pay at a depth of 3977 ft. 
for an initial production of 140 bbl. Development of this pay progressed 
very slowly, only 11 wells having been completed to Jan. 1, 1937. Dur- 


TABLE 1.—(Continued) 


; ; Oil Production 
ee OL Pens Number of Oil and/or Gas Wells Methods at 
3 End of 1937 
Depth, 
ate 8 ; 
5 in Feet, 
; Daily ar During 1937 At End of 1937 to Top Number of Wells 
2 Duri Average | pleted | — ce Pro- 
q uring 1937] during to End uctive 
E 137 | ° 1987 | Com. | Aban. | PFedue-| Produe-| Total | Zone 
‘ ing Oil | ing Gas | Produc- Flowing | Pumpin 
E pleted | doned Only Only ing 8 ping 
1 208,443 590 649 24 0 449 45+ 494 1,500 
2 30,408 163 8 4 0 4 0 4 3,800 t rs 
3 659,123 3,597 102 91 0 102 0 102 3,800 88 14 
4 5,856,253 15,613 11,222 174 151 6,565 0 6,565 1,500 0 6,565 
5 4,634,381 11,877 6,549 141 230 3,876 0 3,876 1,300 0 3,876 
6 3,198,429 8,788 1,947 56 0 1,364 0 1,364 1,700 10+ 1,354 
7 2,211,102 6,279 991 96 35 860 | 21 881 | 1,000 0 860 
8 642,202 1,533 185 2 165 0 165 1,400 0 165 
9 1,457,663 3,277 127 24 0 127 0 127 2,000 0 127 
10 1,225,621 3,422 709 103 42 643 0 643 1,200 0 643 
11 22,043 244 13 0 1 7 4 11 2,000 0 7 
12 243,097 506 10 3 0 7 3 10 | 3,800 7 0 
13 20,388,765 22,512 718 460 14,169 73 14,242 109 14,060 
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ing that year, 91 wells were completed, making a total of 102 wells in the 
field as of the first of this year. Of this number only 14 are pumping 
and only 8 in the field are incapable of making the approximately 55 bbl. 
per day which they are allowed under the proration schedule now in 
effect. The oil is normal North Texas Pennsylvanian crude of approxi- 
mately 42° gravity and low sulphur content. Reported initial produc- 
tions range from 25 to 6000 bbl. daily. Development and structural 
information indicates that not less than 20,000 acres will be productive in 
this horizon. 

The producing section in this field may be briefly described as a 
sand, sandy lime, and lime section, the limestone in part being very 
oolitic. Thin shale partings are common in the section. The producing 
zone has been placed in the Middle Strawn formation of Pennsylvanian 
age. The average thickness of the pay section varies considerably in 
different parts of the producing area, as does the sand, shale and limestone 
content of the various beds. However, information obtained from 
samples and cores indicates that the saturated section will average about 
100 ft. It appears at this time that the west and southwest parts of the 
field, where the section is predominantly sandstone, will yield ultimate 
recoveries considerably in excess of the north and east parts, where a 
greater percentage of limestone is present. 


GENERAL COMMENTS 


Acid treatment of wells, which has played an important part in the 
development of certain limestone areas of the district, was greatly 
reduced during 1937. It is used to a limited extent in parts of Wilbarger 
County and in the K. M. A. area mentioned above, although in the 
latter area the use of nitroglycerin apparently gives better results. 


TaBLe 1.—(Continued) 
|. atonal a cee aes ee see Las Tae 


4 : : Deepest Zone Tested 
eS tay eT: Producing Rock to End of 1937 
Gravity 2 
A.P.I. at 60° F. Sul- of 3 Devt 
g phur gs of 
2 » | Per ’ | Basee Name Ages % BP res Name Hole, 
B| § g | 38 Cent S |22| 2 Ft. 
el! 8 5 2/65) 3 
g & x ce 3 $ g & 
fe =] = |—- Sp ire n 
é oy P | Numerous Per, Pen tS) 10+| A | Cam-Ord 4,289 
2 “ 38.0 : P | Worsham Pay Pen LS | 40+] D_ | Pen (Bend) 5,127 
3 44 0 | 42.0 | 43.0 | y P | K.M.A. (deep) Pen LS | 100+) AM | Cam-Crd 5,430 
4 | 41.8 | 36.1 | 39.0] 0.30) P | Numerous Per, Pen | SL 20+) AM | Pre-Cam 3,502 
5 | 40.2 | 36.8 | 38.5 | 0.38 P| Numerous Pen SL 10+| ML | Cam-Ord 5,750 
6 | 38.5 | 35.5 | 37.0 | 0.65 P | Numerous Per, Pen | SL 20+| AD | Pre-Cam 3,007 
7 | 34.0 | 24.1 | 29.0) 0.90] P Numerous Pen SL 20+| AD | Pre-Cam 2,915 
g | 37.0 | 37.0 | 37.0 | 0.38 P| Swastika sand Pen s 10+| ML | Pen (Strawn) | 4,265 
9 | 42.0 | 39.0 | 41.0 | x P| Bruhlmeyer sand Pen s | 15 | NL | Pen 2/500 
10 | 41.0 | 23.5 | 35.0| 0.65) P| Several Pen, Ord | SL | 10+| AD | Pre-Cam 3'790 
wl y- | y {39.0} 0.20; P | Thalia sand Pen SL | 22+] D_ | Pre-Cam 2,550 
32 | 45.0 | 40.8 | 43.0 | 0 30 P| Johnson lime Pen LS 30+| AF | Pre-Cam 5,003 
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Since most of the wells outside of the K. M. A. district in Wichita 
County are submarginal, the effect of proration is negligible. 


OUTLOOK FoR 1938 


In 1937, the production of the district increased by about 1,100,000 
bbl. over 1936. Principal increases were in the Bruhlmeyer pool, Cooke 
County, and in the K. M. A. (deep) area of Wichita County. Principal 
decreases were in Archer and Baylor Counties. In Archer County the 
number of abandonments exceeded the number of new completions. 

During the year 1938 an intensive drilling campaign, probably of the 
magnitude of 700 wells, is expected in the K. M. A. district, with routine 
development in the other producing counties, and production of the 
district as a whole will in all probability again show an increase over the 
preceding year. 


TaBLE 2.—Summary of Drilling Operations in North Texas 


Important Wildcats Drilled in 1937 


Location 
Total 
County Depth, Surface 
t formation 
Fee 

MC Weiloarwor ssc tevsisiate-tariaiareln mala satel axatatere cio retin Waggoner 3,071 | Permian 
2 Clayies sana aise eaiete.s veeocmelsioens Votan ee ince sunaneG Worsham 3,927 | Permian 
Sif WiOliband ae vac oie eels Mercobine Roo ane Mangold 3,752 | Permian 


Important Wildcats Drilled in 1937 


Initial 
Production} Choke P (omnes lid 
Deepest Horizon! —_rilled by ee, L Decree ee | Remarks 
Tested of Inch 
U.S. Bhi, Casing | Tubing 
1 | Pennsylvanian Phillips Petr. Co. | 276—3 hr. Open 7 2 See text 
2 | Pennsylvanian Walter H. Gant 2,000 Open 7 2 Old Pool—Deeper Horizon 
3 | Pennsylvanian Kadane et al. 4,172 Open 7 2 Important Extension K.M.A. 
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Oil and Gas in North Central Texas in 1937 


By H. W. Imuouz* 


CoNsIDERABLE stimulation was given to the interest in the lower pro- 
ducing zones of the North Central Texas area when several wildcat wells 
developed production in these formations. 

The Iron Mountain and Humble-Olander well in sec. 196, B.B.B. 
and C. survey, Jones County, Texas, had a potential of 7500 bbl. (after 
a 3000-gal. acid treatment) from the Palo Pinto (?) limestone encountered 
from 3238 to 3250 ft. This well heightened the prospects for oil in com- 
mercial quantities in the Canyon, Strawn, Bend and Ellenburger forma- 
tions in the adjoining counties of Shackelford, Haskell, Throckmorton 
and others. 

The Hickok-Van Parmer well in sec. 477 S.P.R.R. Co. survey, 
Eastland County, Texas, was good for 1040 bbl., natural, from the Ellen- 
burger limestone, encountered from 4024 to 4033 feet. 

The Hal Hughes-Cook and Jordan (Poindexter) well in sec. 350, 
block 6, 8.P.R.R. Co. survey, Callahan County, flowed 890 bbl. in 
9 hr., after acid treatment, from the Ellenburger limestone, encountered 
from 4369 to 4888 feet. 

Both of the Ellenburger wells apparently are maintaining the pressure 
and volume of their original potential tests, and will no doubt open up 
considerable area in the adjoining counties for prospecting to the Ellen- 
burger limestone. 

Production increased in the district from 12,081,871 bbl. in 1986 to 
15,384,500 bbl. The increase was due to developments in Jones and 
Jack Counties. Jack County production increased from 896,680 bbl. 
in 1936 to 3,117,063 in 1937, while Jones County increased from 1,596,743 
bbl. in 1936 to 2,289,322 in 1937. The remaining counties of the district 
showed a slight decrease in the amount of oil produced. 


Manuscript received at the office of the Institute March 25, 1938. 
* Consulting Geologist, Abilene, Texas. 
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OIL AND GAS IN NORTH CENTRAL TEXAS IN 1937 


TABLE 1.—Oil and Gas Production in North Central Texas in 1937 


Area . : 
Proved, Total Oil Production, Bbl. 
Acres 
Age, 

Field, County ow RS 
of 1937 : ay 
i= : To End of Duri 3 During | Average 
E Oil 1937 uring 1936) 4937 during 
Z Dee. 1937 
= 
I 

1} Bull-Alcorn, Brown........ Me coe Oe 10 100 122,261 4,159 4,864 12 
2. Byler Brown ess er ee ene ee eee 11 290 824,342 18,939 12,123 29 
8: Byrd Store; cbrown oie «ceca Neat es anes 17 250 391,301 7,141 4,093 10 
4 | Childress CBr own % cee sedans ter ere ree 10 180 781,985 35,322 49,454 125 
6 | Clark-Buffalo, Brown... .om, «ssn skin ee ces 10 460 760,612 13,027 16,535 41 
6)| Cross<Cut, Browne. ns. oan Nene aee iain 16 2,300 6,007,310 124,684 131,120 351 
URRY «AT ORUMLS wor koa. sta tars faery eee cece ae ieee 12 940 7,618,766 113,101 100,837 251 
8 George; Brow sa5080.0e caciete aces keh 10 200 731,874 25,168 26,319 73 
9 | Smith-Ellis, Brown...............020000005 11 450 2,204,923 46,279 48,109 137 
10 }'Stover, Brown, sac eee oe ee 11 1,500 6,848,119 179,448 183,979 479 
11) Other: fields, -Browh.- sence ni eee 5,595 2,371,149 76,144 45,259 112 
12 ‘Total Brown County 2 iwae.e oc meen 12,265 28,662,642 643,412 622,692} 1,620 
13: Baum; Callahantee ee sac te aetna 12 500 849,042 19,095 20,830 48 
14 | Hatchett, Callahan...........:..62.0005-0% 10 375 1,283,116 89,800 79,625 188 
15 | Isenhour; Catlahan ©. toa nese nd doe ee 14 600 2,082,844 57,911 55,219 147 
16:| Moutray Callahan. vans tones, econ 11 400 2,330,933 125,134 104,183 243 
17) Other fields,) Callahan. J. s.<..2h.sa0s 6 9,515 6,726,231 294,563 261,165 675 
18 Total Callahan County................. 11,390 | 13,272,166 586,503 521,022} 1,301 
19 | Burkett (Shallow), Coleman................. 13 850 2,187,186 87,863 82,657 221 
20 | Burkett (Deep), Coleman.................. < 200 662,060 21,462 16,323 43 
21 \ DibrellColemans ssa. see ee ee 2 10 170 341,341 11,268 20,198 83 
22:|/Hastland, Colemany..: tena meen eee 9 270 1,955,874 62,184 56,040 143 
23.| Jennings, Colemany,.cicsas nc. ocrs desk at ene 10 135 450,292 6,7 10,145 30 
24. V Overall Coleman tyre cr. Genet Batten ae ll 200 1,195,623 59,967 49,664 139 
25 | Santa Anna, Coleman..............2-..e0-- 15 150 433,116 10,348 31,809 81 
26 | Stewardson, Coleman...........0.-..0.000- 7 200 384,818 26,417 17,301 43 
27\\ Other “fields, ‘Coleman. s<- csv. esas sects 985 1,727,240 120,891 96,070 261 
28 Total Coleman County.../............. 3,160 337,050 407,162 380,207} 1,044 
29 | Sipe Springs, Comanche.................... 18 800 1,392,012 21,452 18,436 50 
20) | Hillburn, asad yarn hoe ee 18 400 1,093,048 5,322 7,078 23 
30)| Mangum, Mastland. osteo. goats. aes 15 300 792,639 69,659 60,576 156 
32:| Pioneer, Mastland <iota. nyc Rother tote 18 1,400 5,344,095 809 78,248 205 
3d) RAMAOW, LGsHanih, aes vier .v.densee cmluen tee 12 250 1,425,073 29,378 30,897 94 
34] Other fields, Hastland..................... 27,660 | 63,278,064 690,229 711,218} 1,894 
35 Total Eastland County................. 30,010 71,932,919 1,071,923 888,017; 2,372 
36 | Desdemona, Hastland, Erath, Comanche...... 19 6,175 22,823,783 186,526 180,019 447 
Of || )Howard) Meshencns sc cy wetres eigen cee tack aie 3 40 130,767 73,297 46,715 80 
$8 | Royston; Wsshenon. Gi xvcn< vali ose ons Nees 9 2,880 8,810,713 | 1,577,863 | 1,098,475} 2,460 
30) PRObAI  UASNEY Ste satus aa cel aeoycin eee ete Lo 640 100,888 100,888 888 
40 Total Wisher’ County 2-4 6025. ac,» Lode 3,560 9,042,368 | 1,651,160 | 1,246,078] 3,428 
4} Antelope, vacko. cvcwoton aon von aera awh 2 5 350 y 30,701 
44 BEyaOl a Goh.ee <cweereh Wnt ee skier nn oak 5 1,000 7,224,553 808,904 | 3,073,966] 8,385 
43 | Bottram -Jackaus su. .seeaccneaan proskh 5 770 2,389,628 57,075 43,097 124 
44) ___ Total Jack County............:-.....05 2,120 9,614,181 896,680 | 3,117,063] 8,509 
45 | Higgs (Sandy Ridge), Jones................ 12 450 2,860 65,858 61,175 139 
46 | Hawley (Dorsey-King), Jones....... 12 600 2,271,338 894,442 | 1,190,789 e@ 2,228 
47 | Leuders (Jennings), Jones.................. 3 160 382,920 196,531 170,731 48 
48'| Noodle 'Oreek;. Jonescsiicnaduisd ase sities eee 10 1,030 6,305,237 256,736 208,845, 521 
49\) Guitar; Jonen. «atts tyra cam antec 1 400 388,380 5,469 382,911} 1,155 
BQ) avles: Jones sn cr ccc see cetanenan uae ane 5 640 615,319 171,302 199,542 751 
BL) Avo0s;, ONER Sra). etaas hase ntan ureey) eeae % 640 41,076 41,076 308 
52.) Lewis, Jones. camanancamn vs wach akenee tine ie) 300 18,569 18,569 168 
63:|\Other fields, Jonési... 5. oiebewsass avesces es 300 87,958 6,405 15,684 51 
54 Total Jones County............0c.ceeacs 4,520 | 10,303,657 | 1,596,743 2,289,322] 5,369 
BB WW Moody, Haskell rr cs) ashen nonnte reteset 10 40 97,562 6,098 4,829 
BG CooleyShaokel fords ..ofs chan aia ti ekiee 12 1,460 | 14,577,636 948,377 788,409} 2,075 
Di Beye: Shackelford: 0, ae anise ee eee 12 115 305,346 8,106 8,062 39 
88 ilope, Shackelford on ce scyicsth ssc aieee ane 14 220 1,197,249 60,124 54,627 137 
50'| Thex i Shacheyords iw anton homie ati 16 1,240 2,374,084 40,483 42,951 114 
60 | Bluff Creek, Shackelford.................... vi 940 2,237,637 626,788 759,448] 1,691 
61 | Newell, Shackelford........02..2c0+cssecues 12 640 725,956 103,267 124,376 308 
62 | Petroleum Producers, Shackelford........ 8 100 129,677 12,100 10,054 155 
63 immons-Harvey, Shackelford............... 12 160 296,220 42,331 43,064 87 
64 | Tannehill-Matthews, Shackelford............ 10 300 2,128,029 163,110 152,050 383 
65 | Other fields, Shackelford.........0.......... 7,705 9,674,693 518,841 590,759} 1,531 
66) Total Shackelford County............... 12,880 | 33,646,527 | 2,523,527 2,573,800) 6,520 
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TABLE 1.—(Continued) 


ee een el 
of U1 Character of Oil 
Depth, ’ % 
7 a oP a akpersee BPs: Average Producing Rock 
ic 1937 uring 1937 
verage 
Oil Pro- 
duction Gravity A.P.I. 
per Acre Bate at 60° F. 
ie ae Produc- | toms of | To Top of g 
ing Oil | Produc-| Productive Name Ages | & ad 
Only tive Zone Maxi M 2 Te 
Wells axe pe 3 
mum mum q 
a 
1S) 
1,223 13 1,150 40 3 
2,842 28 | 1,300 40 33 aM a Pen 3 ML N 
1,565 8 2,450 38 37 Bend Pen | L A 
4,344 62 800 38 33 Childress Pen | S | ML,N 
1,653 34 1,150 44 40 Fry Pen | S | ML,N 
a3 | fe | oe aa ee [ue 
’ ; ry en’ |. £ ; 
3,659 42 1,300 40 38 Fry Pen | S | ML,N 
4,899 51 1,300 42 40 Fry Pen | S | ML,N 
4,565 rs 1,200 42 40 Blake Pen | S | ML,N 
1,064 
pole: 2h oh ga per | 8 | Mla 
, outray ‘en 
3,471 143 700 38 36 Isenhour Pen s ML 
5,662 ae 750 39 36 Moutray Pen | S ML 
1,351 
25.73 180 400 35 34 Burkett Pen | S ML 
3,310 34 1,550 43 40 | Cross-Cut Pen | S | ML,N 
2,007 11 1,900 44 40 Gwinnup Pen S | ML,N 
7,244 31 2,000 43 41 Gwinnup Pen | S | ML,N 
3,336 25 1,150 40 38 Fry Pen | S | ML,N 
5,978 24 2,300 44 40 Strawn Pen | _8 A 
2,887 8 1,500 40 38 Fry Pen | S | ML,N 
ee a 1,450 40 38 Fry Pen | S | ML,N 
a 397 
1,740 85 300 37 34 | Strawn Pen | § A 
2,732 2 3,100 39 35 Bend Pen) i MN 
2,649 46 1,200 42 33 Strawn Pen | S N 
3,817 58 2,450 42 40 Caddo Pen | L AF 
a ae 3,600 40 38 Bend Pen | S N 
; 508 
3,696 96 2,750 44 34 Desdemona Pen s A 
3,269 2 3,670 37 35 y Pen | L A 
3,059 112 3,100 41 38 Saddle Creek Pen | L A 
158 hae 3,500 40 37 Camp Colorado Pen | L MN 
y y 600 
7,224 486 4,800 40 38 Strawn Pen | 8 N 
oe a 26 40 38 | Strawn Pen |S,L}| N 
9,32 6 
428 19 1,900 38 37 Bluff Creek sand Pen | S N 
1,491 101 1,900-2,300 42 37 7 Cisco sands 8, L A 
2,393 18 ,040 40 37 King Pen | S A 
6,121 91 2,500 39 38 Camp Colorado Pen | L | MC,A 
971 64 2,000 38 37 | Cook Horizon Pen | L A 
961 28 1,950 41 40 | Cook sand Pen | 5 A 
64 8 3,200 40 38 Strawn-Canyon Pen | L A 
57 5 1,900 40 38 Bluff Creek Pen | S | ML,N 
2,439 6 1,800 37 36 King Pen | S N 
9,985 228 1,300 38 36 Cook sand Pen | S | ML,N 
2,655 51 450 36 34 Frye sand Pen | S | ML,N 
5,442 52 1,500 38 36 Hope sand Pen s | ML,N 
1,914 19 3,500 40 38 Caddo limestone Pen | L N 
2,380 197 1,600 39 38 | Petroleum Producers sand | Pen | S | ML, N 
1,134 109 1,100 38 36 Tannehill sand Pen S | ML,N 
1,296 13 1,650 40 38 Petroleum Producers sand | Pen § N 
1,851 12 1,700 40 38 Petroleum Producers sand | Pen § N 
7,093 90 1,150 39 37 Tannehill sand Pen S | ML,N 
1,256 952 
35,006 1,723 
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TaBLE 1.—(Continued) 


Area ; 
Proved, Total Oil Production, Bbl. 
Acres 
Age, 
Field, County oan = 
& of 1987 : To End of . During Pisses 
q Oil 1937 - | During1936) "4937" | during 
2 Dec. 1937 
g 
& 
67.) Carty* Stephene wos oacce.ckratics eaten 17 2,580 9,325,197 87,900 101,052 327 
68:1 Strawn, Stephens. oO. cock nce oh iulea ie wok 20 850 4,421,646 96,230 86,691 239 
60'| Other fields, Stephens..............0c0ee00% 44,570 | 109,972,995 1,461,634 | 1,289,968} 3,491 
70 Total Stephens County................. 48,000 | 123,719,838 1,645,764 | 1,477,711] 4,057 
71| Miscellaneous, Taylor.............--eeeeee 170 240,674 28,946 23,630 75 
72 | Woodson (Deep), Throckmorton............. 13 260 1,743,536 64,770 48,823 124 
73 | Woodson (Shallow), Throckmorton........... 12 120 695,765 39,973 31,424 79 
74 | Other fields, Throckmorton...............0-- 720 631,558 59,319 65,620 154 
75 Total Throckmorton County............ 1,100 3,070,859 164,062 145,867 357 
76) Bunger;, Voungis/22 seo. secs ance 16 1,040 3,724,124 66,072 63,529 161 
Ct) Gra hAMa, WV GURG. erat. nin srotle emia enhance 11 380 1,683,347 36,666 34,023 58 
18.) Graham Vic;, Voting ten cck coos eee § 320 488,000 154,421 128,670 329 
79) Herron City, Voungis arcs ewsccaanus eee 16 500 1,565,172 13,716 11,873 89 
SO Risinger! -Y oung vt. cs...) daceus. ce aoe 8 410 2,394,589 156,915 115,935 328 
81 So. Bend sou et 2 ars ce ee eae 20 1,440 10,161,372 142,011 141,053 318 
82: \'RathKe; Young: >. teen. Ao iac, cae ee neeeee y y,684,308 | 4,332,844 351,464 493 
83'| Other fields, Young cstausanietemccatheren 13,349 33,509,162 619,708 | 1,049,260} 3,513 
84 LotaleVoung @ounty see eens 17,439 55,210,079 1,522,353 | 1,895,807) 5,289 
85 Total for North Central Texas........... 153,629 | 392,366,817 | 12,105,394 | 15,384,500 
a eee Oe ee eee 
f Oil Chai f Oil 
0 racter of Oi 
Depth, Average ’ . 
Wells at . Approx. Average Producing Rock 
End of in Feet during 1937 a 
Average 1937 
Oil Pro- 
duction Gravity A.P.I. 
a oy Bot- at 60° F. 
g | 0 “nd | Produc- | toms of | To Top of 
q of 1937 | ‘ing Oil | Produc- | Productive Name Aget | Bahan 
: Only tive Zone Maxi oar 3 
Wells axi- | Mini- 3 
© mum mum 
A a 
oO 
67] 3,614 51 3,100 39 38 | Caddo limestone Pen | L A 
68 | 5,202 98 1,850 39 37 Strawn Pen S | MLN 
69| 2,467 582 
70 | 11,383 731 
71} 1,417 14 
72| 6,705 10 3,900 39 37 Caddo limestone Pen | L A 
73 | 5,798 10 2,350 38 36 Strawn sand Pen | S ML 
74 132 
75 152 
76 | 3,580 44 2,600 38 36 Strawn NS) A 
77| 4,429 10 3,900 39 37 Bend-Strawn §,L A 
78| 1,525 21 2,750 39 37 Strawn sand Ss) A 
79| 3,130 12 2,600 38 36 Strawn sand 8S | MLN 
80} 5,840 40 2,500 40 38 Strawn sand 8 A 
A 7,056 iu 4,000 41 39 Strawn-Bend S | ML,N 
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Oil and Gas Development in the Texas Panhandle for the 
Year 1937 


By Henry Rogatz* 


(New York Meeting, February, 1938) 


DurRiINnG the year 1937, there were 663 oil wells drilled in the Texas 
Panhandle, making a daily initial production of 322,332 bbl.—that is, 
191 more oil wells drilled than in the previous year, with an increase 
in the total daily initial production of 66,283 bbl. The total daily 
potential of the field as determined by the Texas Railroad Commission 
in its Schedule of Dec. 17, 1937, was 1,039,982 bbl., or an increase of 
205,094 bbl. over the previous year. On Dec. 17, 1937, the daily allow- 
able of 68,578 bbl. was assigned to the entire field. The total amount 


TABLE 1.—Oil and Gas Production in Texas Panhandle 


Area Proved, Acres Total Oil Production, Bbl. 
County 

sal 8 | om | tout | TURE) Bat | TH 
2 an eZ 
MGR cps Jose ce enn och eeeron Gopnik 16 | 14,810) 220,383] 235,193) 27,591,843 1,942,154) 2,561,282) 6,854 
DIMMER sscle eink esctere ye eus'e)- 2 spcaiae Tas, @ 12 | 45,960} 119,815) 165,775 137,188,498] 10,902,391} 13,338,798) 34,785 
PUINET CAF FEU tia crtasya ae s)eici eo wiviess era, ein oieocio> 9 39,380 39,380} ° 
4) Hutchinson.......-0000+ eee e eee 15 | 49,420] 171,244) 220,664 121,283,431| 5,488,049} 7,437,401 20,927 
BM OOve os os we so aise alee cet here an 11 680} 404,736] 405,416) 3,844,029 494,925 495,607| 1,361 
6 Potter Pere oeiarie eestor eer eitiosiers tint 18 110,349] 110,349 
Ty NOW RECIEN sciae slave ss talpasrtle visl=| sie ocelehsi0 «nie 12 7,180| 121,299} 128,479 14,272,854] 3,644,008! 3,884,263 7,353 

Gatilleos Mrayaac sedcusucaeeocopaT 118,050) 1,187,206] 1,305,256| 304,180,655 22,471,527) 27,717,351) 71,280 


Manuscript received at the office of the Institute Jan. 31; table, March 24, 1938. 


* Consulting Geologist, Amarillo, Texas. 
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of oil produced for the year was 27,717,351 bbl.—a daily average of 
71,280 bbl. Up to Jan. 1, 1938 the total production of oil was 
304,180,655 bbl. The total proven productive area includes 118,050 
acres; the equivalent of 184 square miles. 

During the last year, there has been a small amount of experimenta- 
tion in acidizing of oil wells. Tothe present time, there has been too little 
work accomplished to state its true value, although, in the dolomite- 
producing areas, some excellent results seem assured. 

There were 168 gas wells drilled during 1937, having a combined open 
flow of 6,310,788,000 cu. ft., which is 12 wells more than in the previous 
year, with an increase in the open flow of 961,988,000 cu. ft. per day. 
The oil wells plugged back for gas numbered 16 and have a daily open 
flow of 185,800,000 cu. ft. This brings the total new gas developed 
during the year to 6,496,588,000 cu. ft. per day. Acidization of gas 
wells has proved a very important part of the completion of these wells, 
and is responsible for much of the increased open flow this year. The 
daily open flow is increased from two to four times the initial volume. 
Sixty wells were treated, each with an average of 6450 gal., increasing 
the daily initial open flow an average of 22,500,000 cu. ft. per well. 


TABLE 1.—(Continued) 


Total Gas Production, Thousands Number of Oil | Depth, Aver- Oil Production Pressure, Lb. per 
Cu. Ft. and/or Gas Wells! age in Feet eee a End of Sq. In.¢ 5 


iene Number of Wells Average at End 
oO 
To End of During During 
sl few 1937 1936 1087. s*) a 2 
B aa glsé |g 8 
E Ba |B) SSE Ise 2 July | July 
Z o3/2)|8 |ds./a8 | fle|. = 1936 | 1937 
2 Ee a | 8 ISESI@ES| El e/a /3/3 4 
g Se a Sere, 
cf "| 8/3 B-Fleks|£| 2/3/4138] 2 
1 705 | 99 3,150 | 3,050| y|}ylulyt|y| 430 | 354.5 335.8 
2 2,100 | 278} 6 | 3,100] 3,000 y|}ylyulyuly |} 430 322.8 
3 4 3,200] 2,900} y|y]yly|y!| 430 426.8 
4 2,034 | 316] 13 | 3,000] 2,900 y|ujlyulyty | 480 | 282.2 | 306.3 
5 306 | 100} 2 | 3,500} 3,400] y | y y|y|y| 430 |} 401.7 | 394.8 
6 49 3 2,500 | 2,300) y/u]uly!y!| 430] 411.8 406.1 
7 701} 35) 10 | 2,550} 2,450] y | y y}yu ly | 4380 282.5 
Average 
7,309,898,669 | 618,606,954 534,613,715] 5,899 | 831 aoe 


4 Footnotes to column headings and explanation of symbols are given on page 313. 
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Pipe-line Gas.—The pipe-line companies withdrew 235,932,335,000 cu. 
ft. of gas (a daily average of 646,389,000 cu. ft.). The total withdrawals 
by pipe-line companies increased 34,167,620,000 cu. ft. over that for 1936. 

Natural Gasoline.—Throughout the year, 46 gasoline-extraction 
plants processed 1,464,695,000 cu. ft. per day, a total of 534,613,715,000 
cu. ft. for the year. This gas yielded 273,318,108 gal. of natural gasoline. 
The total daily capacity of all the plants is 2,539,500,000 cubic feet. 

Carbon Black.—Thirty-five carbon-black plants operated during 
1937, burning 287,592,141,000 cu. ft., or a daily amount of 787,923,000 
cu. ft. This produced approximately 430,000 lb. of carbon black. Four 
new plants, erected during 1937, increased the daily field capacity by 
130,000,000 cubic feet. 

Refineries.—The total runs to the eight operating refineries for the 
year 1937 were 13,627,469 bbl. or a daily average of 37,335 bbl., an 
increase of 5030 bbl. over 1936. 

Storage-—The total oil in storage increased 3,151,838 bbl., from 
8,009,662 to 11,161,500 barrels. 

New Datei nents. —New developments resulting in considerable 
extension of the already existing pools occurred in Hutchinson, Gray and 
Carson Counties. There extensions augmented the known proven 


TaBLE 1.—(Continued) 


NN 

Character of Oil 

’ : Deepest Zone Tested 

Approx. Average Producing Rock 

during 1937 arid to End of 1937 

Approx. 
Average 

Gravity during 

A.P.L. at 1937 

60° F. 

f, | a Name Age! is Name 
3 33 : a8. 

g al.8| | #:18° EB isiSgié sé 
ele |e lgelge),| S6= 2 |eege me 
APIERESIECIE Reine: & fSGBls ge 
3|S |S ela" |a| a 6 * 6 (flat|a an 

ja Lime series (Wichita- | Per-Pen 2» Da| z| «| Af Gronks Wash y 
1 | 45] 32] 39 | 0.6)M/ 1,094)0.43 any a en 
Granite Wash (Cisco?) Pen Gw 
oe pe series (Wichita- | Per-Pen “e Da raicowtar ea 
2| 45] 31| 39 | 0.4°M/1,103)0.70 a z| 2 tanite Was y 
: Granite Wash (Cisco?) Pen GW (Pen) 
ig Lent series (Wichita- i 
3 \ Alban Pen GW x| « | Af| Granite Wash y 
co Yash (Cisco?) (Pen) 
eine series (Wichita- > ee ier nee 
35 | 0.8|M| 1,106)0.49 en x] x tbuckle 33 
el cata Lewy Per-Pen |b Af| Arbuckle | 8,018 
ower Big Lime series er-Pen | 2 rbuckle : 
5 | 36] 30] 31 | 0.8)M| 1,056/0 30 (Wichita-Albany-Cisco) 
Big ee series (Wichita- | Per-Pen Rincon 
Mj 1,069 x} « ranite Was y 
A il Jone Wash (Cisco?) Pen GW (Pen) 
sath ones series (Wichita- 5 ae A nenaee isp 

44) 30] 37 | 0.4)M| 1,070/0.28 en z) & rbuckle ; 

Bley Granite a ash (Cisco?) 
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acreage in Hutchinson County by approximately 1130 acres, extending a 
mile northwest of the town of Stinnett; by about 3000 acres in northeast 
Carson County; and by about 800 acres in the Combs-Worley pool of 
Gray County. 

Wildcats —Ten wildcat tests were completed, none of which dis- 
covered oil. Six of these tests were completed for small gas wells rang- 
ing from three to nine million cubic feet. Five of these wells were 
drilled in Texas County, Oklahoma. Two important wildcat wells 
were commenced in 1937 and are still drilling. The I. T. I. O. Davis, in 
southwest Sherman County, is drilling on a magnetometer and subsurface 
structure. The Macon Norris is drilling in eastern Ochiltree and is 
below 5600 feet. 


Development along Fault Zone of South Central Texas in 1937 
By JosppH M. Dawson* 


AuTHouGH there was a very great increase in drilling activity along 
the fault line of south Texas during 1937 as compared with the previous 
three or four years, and although seven new fields were discovered, it 
cannot be said that any major development of importance took place. 
There were slightly over 550 completions during 1937, of which nearly 
350 were oil wells as compared with some 275 the preceding year, of 
which 169 were oil wells. This increase in drilling activity was occa- 
sioned almost entirely by the greater interest in and development of 
Austin chalk production, principally in Caldwell, Guadalupe and Bastrop 
Counties. Seven fields were found, of which a brief description is given 
in Table 3. None has as yet assumed anything of major importance, and 
it is doubtful whether any will be classified as major discoveries through 
further development. Two were producing from the Edwards limestone, 
one from serpentine and the other four from the Austin chalk; the latter 
may be classified as extremely erratic in nature. 

The major discouraging feature of the year was the rise and subsequent 
fall of interest and importance of Austin chalk production. Many new 
operators came into this district to drill and produce Austin chalk oil 
toward the first of the year, but in the latter months the production 
decline from this formation was so rapid and the production so erratic 
that drilling operations fell off materially and interest largely abated. 
This was particularly true of the Branyon field in Caldwell County, and 
the same statement is applicable to the Pearsall field, Frio County. 
The latter field, covering some 5000 acres and owned and controlled 
entirely by the Amerada and Rycade, had early completions from the 
Austin chalk as high as 22,000 bbl. per day. The decline was extremely 
rapid and the maintained production from 17 wells is only around 700 bbl. 
per day after a total recovery of less than one-half million barrels. 
Present estimates of recoverable oil from Chalk vary from 2000 to 5000 
bbl. per acre. 

A new process for the completion of producing wells from the Edwards _ 
limestone, particularly applicable to old producing areas, was developed, 
in that the penetration of the Edwards lime in drilled wells is now only 
1 or 2 ft. as compared to between 15 and 75 ft. in wells drilled several years 
ago. Many new wells have been drilled in old Edwards lime producing 


Manuscript received at the office of the Institute April 2, 1938. 
* Geologist, Gulf Production Co., San Antonio, Texas. 
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TaBLeE 1.—Oil and Gas Production in Central Texas Fault Zone 


@ Footnotes to column heads and explanation of bol: i i 
ee ial deen ee i) of symbols are given on page 313 
2 Production shown combined below. 

‘Includes Mildred, Angus-Hdens-Hodge, Burke, Rice-Oil Ridge. 


$ 
Area Proved, Acres é 
Age, : 
Field, County — : : 
of 1937| .. | Oil 
3 Oil | and | Gas | Total 4 
g Gas 
Zz 
g 
a i 
1), Somenset *Atascosa=Benar: cote: satan clasts ted oe ae ee 25 11,390 0 0} 11,390 t 
2)| ‘Carroll: Bastrop. foey cc aostocayce Santee aoa ee ees eee 5 100} 0} =O} «100 
8'|: Cedar Creek; \Bostrop.uk. teow foes sain deeele Late eee ee ane 5 180 0 0 180 t 
4)\, Codar‘Creek-Northoast,2 Bostnopic.) .. o-oo eenintetclete eee ane nee eee 1 40 0 0 40 ‘ 
5), Hilbig; Bostrom sores 4 acitentec ee ce aan Pe eee ee ee ees 5 185 0 0} 185 t 
G'|* North Dale; (Boston: 2.4 occ aiato vet eee | COD Oe Cn ee ee 5 320 0 0} 320 : 
Flt Vote Boatrop sueteny.cistole ttn ao are Malet «Sete Cee ae ae tor ale 9 150 0| 150) 150 5 
S Alta: Vistts Berar ta. ccalas jvsorrteh ute ellttccc emis eens aan es ee 22 300 0} 300} 300 © 
9 | *Hekert; Beran aorcien 2.iaiceassee Made eee nee ae ee eae es 10 850 0 0} 850 
10'} Gas Ridge; Berane. feat pet se tne. os eee ee cena eee eee 25 150} 150) 300) 450 
Lt Vom Ormiy, Bexar ys .04 cs cessive: cient eae te oe ee 4 375 0 0} 375 
12| Yturri-Southton, Bezar. . soos esol pote Ae ROR ee ee 16 750 0| 750) 750 
13% Branyon: (Caldwell 2+ <,.ecnnyk ac ase obviate ie ee ee ee ee 7 900 0 0} 900 
34: | Bughanan® Caldwell...# 52 i 5 ae Rose ee ee eee 9 250 0 0} 250 
15) ‘Burdette; Caldwell.2s.. oo cee ee cae eee ee 1 200 0 0} 200 
16'|'Danlap; Caldivell 2: : has Hite se heeises tahoe aed eee eee eee eee 7 170 0 0} 170 
D7} Dale, Cabdnell cx sacra tcnc ce yacoee Teen ae CC re 10 210 0 0} 210 
18 | Larremore, Caldwell........... od (ee Li 89 0 0 80 
49.) Diogt: Mule Caldwell, 2) c., octet keene nc re ee eee ee ee eee 1 40 0 0 40 
20)| “Luling; ;Caldwell-Guadalupe 2. fFes. .u828s s2e tte waco dade cage ok ee eee nae 16 2,200 0 0} 2,200 
21| Lytton Springs, Caldwell........ ep Wee © 1,360 0 0} 1,360 
29)! Salt, Mat,Caldwell. v.04. 0-0. ca0 sn Ld 9 1,195 0 0} 1,195 
23 | Mebane, Caldwell......... Phe pias es 1 20 0 0 20 
24) Chilton, Falls: cet: Make con arm seamen ee ee ae 40 0 0 40 
25 | Red Lake, Freestone. ..........00ssseneens ; 314 0 y y y 
26| Wortham, Freestone-Limestone............ rae! ae | 715 0 0 715 
27 EViGUL Own lito: sok kc meh eee een 0 y y y y 
28 | Pearsall-Georgetown,? Frio.............. 4 0 0} 160 160 
29 | Pearsall-Upper Sand,? Frio.............. 3 400 0 0} 400 
30 | Pearsall-Austin Chalk,? Frio............. 2 520 0 0} 520 
31| Pearsall (Combined), Frio............... 3 6,000 0 0} 6,000 
82| Darst Creek, Guadalupe................. 9 1,725 0 0} 1,725 
33 | Darst Creek, Ext., Guadalupe.............. 2 0 0} 200 
84 Manford, Guadalupe... 00.0.0... ccsccueees 8 30 0 0 30 
35| Nash Creek, Guadalupe....................0. 1 25 0 0 25 
86'|* Zoboroski, Guadalupe: ost. skies cewek omoee acre 2 2 375 0 0| 375 
O45] Mokins Limestone: acces «nt tenth nen ee chee ce tan he 3,920 0 0} 3,920 
88 | Bains Creek, Limestone... ...5.0. 0. ceecsaeececes pease 1S 0 0| 60 60 
30 Onittin, mM avertckes; ccs ocr ete doen: A es 1 20 0 0 20 
40| South Bosque, McLennan................... oeoelt (86 2,500 0 0} 2,500 
41) Adama, MFOUiNG. fei. shige tic aticuc ane ae cine oh Se Se8) | teas 3} 0} 2,000 0} 2,000 
42: Chicon Wake, Medina. vcs. cu cPeceinct: obaaniie. Sen Seee eee eee iz 220 0 y| 220 
4B [Indy MEGING  o.cots:cus: se dates ckaeree ies cee TRE EE, Se ee 15 310 0 0} «310 
44| Taylor, Medina...... dip rv dayer yi evsialg a A calageratge a Re nyse he See bis eR ORL 13 30 0 0 30 
45 Minerva-Rockdale; Milam. 1. cars oueenutmcesc Se ole cee mee eee 16 4,250 0 0| 4,250 
AG'| Copsicans® Nanartos. ar4,. a5 a dae acteeienca ences ee een cena 41 6,710 0 0} 6,710 
47Curry, Navarre Sen dere crinmaesc Ie Me We Fete he i eee eee 15 475 0 0| 475 
AB Ronland,N BSOITG divic-c ai vos. scaly cuetila sean cc roe ie Oe nee eee 13 440 0 0| 440 
49) |) Bowell, Nawarocr.s Sacco aaucea niece pu 13 2,600 0 0| 2,600 
50| Woodbine Area, Navarro 12 750 0 0} 750 
51} Byersville, Williamson fi 360 0 0} 360 
52 MPMBI te Siatertlive Hew cavinisier tamara cme Cres e 9 350 0 0| 380 
53 Ei Sect eae tO IS CEES vrs cu ae 23 475 0 0| 475 
54| Batesville, Zavalla 0 40 0 0 4 
BB} (Cow, Hill. tera tien sargaie ees cite f eney teeta at Ake a hag NS ag 814 0} 1,000} 1,000 a 
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TaBLE |.—(Continued) 


Total Oil Production, Bbl. hy Senin tei Number of Oil and/or Gas Wells 
pee At End of 1937 
Daily 
Aver- rs > 
. | To End of During During age a 3 on =I 
3 1937 1936 1937. |durng| —~ |8|% [As] = pees 6 RA 
| ov. xo) S| \g2) Ba |B) se heSl wp l| ws | we) os 
3} : valli) et | So | 2) € |€q/-8a/8 3128] -s 
ee 1937 Zz oO wig boy Qo — Ks) og 55/soO =] 
& |.6 | bee] So | Sle 123/ 3° sols alas 
g 2 \E |S ES) 28 | 8 | 8 esl SaSeledise 
s & |\alals?| 8813/4 SB Cle seo 
1 10,123,236 254,315 230,651 613 1,052 0} O| O |961 0 0 |961 
2 78,692 16,187 32,950 134 0 0} 0; 0 ai 2) 0 0 7 0 0 7 
3 216,260 16,863 21,660 45 0 0|} 0; 0 i 0} 1 0 0 0 0 | 10 
4 e1,500 0 e1,500 10 0 0; 0; 0 1 Li 0) 1 0 0| 0 1 
5 1,261,665 259,453 203,800 410 0 0|} 0; 0 18 0} 0 0 | 12 0 0} 12 
6 494,034 73,366 59,138 140 0 0; 0} 0 25 5| 4 On 27, 0 0) 17 
7 870,533 11,552 13,622 25 0 0} 0; 0 25 0} 0 0 8 0°) +8 8 
8 105,901 1,719 1,702 5 0 0|} 0} 0 41 0|} 7] 0 | 34 0 0 | 34 
9 807,594 85,215 63,365 157 x Dine ew: 136 0) 9 0 {118 0 0 |118 
10 62,573 1,030 1,894 7 1,320} 114|112 | 0.3} 120 0| 0 0 | 18 0 | 66 | 79 
11 105,831 40,156 49,775 143 0 0} 0; 0 86 13| 0 0 | 67 Onl 0!) 67 
12 603,851 21,534 21,185 51 0 0|} 0; 0 138 0} 0 0 |106 0} O {106 
13 841,109 56,782 700,071 | 1,873 0 0; 0; 0 161 138] 0 0 {161 0 0 161 
14 251,642 12,864 69,504 363 0 0; 0; 0 36 25le 0.1) OnVst 0} 0} 31 
15 6,093 0 6,093 66 0 0; 0|;0 9 9| O 0 9 0 0 9 
16 278,238 19,232 18,307 46 0 0; 0|0 18 5| 3 Ones On eO.), 1% 
17 1,384,335 83,346 50,441 133 0 0; 0; 0 57 11} 12 0 | 40 0 0 | 40 
18 268,505 16,647 23,168 96 0 OF 0-10 18 5| 0 0 | 12 0 0 | 12 
19 e800 0 e800 e10 0 0} 0; 0 1 110 0 1 0 0 1 
20 67,605,292 | 2,093,993 | 2,321,160 | 7,032 0; oO; 0} 0 613 14| 8 0 (537 0} O \537 
ai 8,164,188 130,736 118,788 319 0 0; 0; 0 359 0} 12 0 |160 0} O \160 
22 36,695,159 | 1,467,129 | 1,618,861 | 4,400 0 0} 0} 0 376 17; 2 0 234 0 0 |234 
23 y y y y 0 0; 0/0 1 ALO 0 1 0 0 1 
24 92,630y 1,560 y y 0 0} 0; 0 3 0; 0 0; O 0 0; 0 
25 0 0 0 0 y| 487) yl y 3 0; 0} 0 0 Onl 3 3 
26 | 22,494,057 30,327 32,130 y 0 0; 0; 0 322 0| 0 0 7 0 0 7 
27 y y y y Fo Oe |e a 1 Le OLE 1 0) 0 1 
28 106 y) yly a 0| 0 0; 0 0 1 1 
29 0} oO; 0/0 4 0) 0} O 0 0) 0 4 
30 0 0; 0} 0 14 1] 0 0 | 14 0}; O| 14 
31 620,904 334,228 262,177 515 106 y| y | 0 18 dL 0 | 16 0 0 | 16 
32 41,267,621 | 3,266,651 | 2,635,452 | 7,244 0 0; 0; 0 289 A 0 |273 0 0 |273 
33 243,677 131,449 112,228 184 0 0} 0; 0 34 23) 11 0 | 23 0 0 | 23 
‘ 34 380,568 11,454 9,184 21 0 0; 0; 0 4 0) 3 0 1 0 0 | 
35 14,285 0 14,285 156 0 0| 0; 0 1 1; 0| O 1 0 0 1 
36 128,138 41,285 82,353 160 0 0; 010 30 7| 0 0 | 16 0 0 | 16 
37 95,392,747 765,789 703,245 | 2,000+ 0 0} 0| 0 552 2 Y¥ y |264 0} O |264 
38 0 0 0 0 yl 8) my 5 0} 0 0; 0 0 5 5 
39 y y 0} Oo; 010 1 Tip 0 1 0; 0 1 
40 93,361 4,380 4,531 y 0 0} 0 123 Ole 0) |) O21-3024 | 0 0 | 30+ 
41 0 0 | 12,071] 302/300y| 1.0} 46 Oo) y y y 0 y y 
42 28,910 5,627 6,821 19 y y) yly 28 Olweal 0 | 21 y 6 | 21 
43 150,697 3,393 2,538 6 0 0; 0; 0 31 0; 0 0} 12 O12.) 12 
44 31,935 1,628 2,933 5 O} 0}, O10 6 4) 3 Ones 0; 0 3 
45 3,382,524 78,792 71,963 188 0 0; 0; 0 574 0} 24 0 |419 0| O |419 
46 13,756,554 166,750: | | 159,489 y 0 0; 0} 0 | 2,937y 0) 0 y y y y \634+ 
47 6,752,613 44,154 43,869 y 0 0) 0;|0 54 Oo) yy} y| 2 ONO! | 12 
48 6,619,080 6,795 6,240 16 0 0;} 0; 0 107+ 0} Oo} 0 2 0; 0 2 
49 | 108,510,790 804,989 790,522 | 2,350+ 0 0; 0; 0 741+ uy) y| y |169 0} O \169 
50 y 11,868 y y Beals yiey oe ees iow wale ae wat 
: 51 431,076 118,786 73,176 86 0} oO; 0; 0 44 10| 4 0 | 40 0 0 | 40 
52 4,069,685 118,944 100,352 210 0 0} 0) 0 114 Ol 2 y | 73 y | y | 73 
; 53 2,406,307 18,615 16,810 44 y 0) 0) 0 200+ 0} 0}; O| 18 074) 5.0. 18 
J 9,841 0 9,841 0 o| oO} 0} 0 1 dL aedet Ose Onn OR a Ont=0 
; 25 : 0 0 0 0 z| a| «| 2 7 OlacOs cae eOuny stO8 ite 7 iter 
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TaBLE 1.—(Continued) 


% Oil Production Methods Pressure, Lb. per Character of Oil, Approx. 
Depth, Average in Feet at End of 1936 Sq. In.4 Average during 1936 
Number of Wells Fh i pee 
Bottoms of | To Top of i s 
z hate ath Frosuave = ‘ 
ells one batt 2 
E wv} # |e g8 1936 | 1937] & | & 1% &| 28 
z F| s/o 19g led] 2 c | = |S2|2e| 3 
g S ng BS = I i ‘S by 
5 &/ & |6/4/5 \ss| 3g 2 | 3 |e) 24138 
1 2,100 1,200 0 | 961 0/ 0] 0} OO} 300 0 0 | 39 34 36 1.4] P 
2 2,378 2,300 0 if 0; 0; 0} O 0 0 0 | 36 36 36 0.0| P 
3 1,700 1,650 0 10 0; 0} O|} O 100 0 0 | 36 34 35 0.2) F 
4 1,950y 1,925 0 1 OL) HO" Ot 2"0 y y y y y y y 
5 575 2,450 11 1 0; 0; O 1 | 1,240 y | 680 | 37 37 37 0.2] P 
6 2,160 2,025 0 17 OC} Of e} 0 150 0 0 | 38 36 37 0.3] P 
7| 1,500 1,335 0] 8 0} 0! 0] 0| 400 y 0/28 | 26 | 27 0.3| P 
8 250 220 0| 34 Oo] 0 01) 0 y 0 0 | 36 34 35 0.3) P 
9 790 620 0 | 118 0; 0} O|} O z z z| 35 33 34 0.3] P 
10 760 230 0 13 O- Os 0 co 2 z z2| 23 21 22 0.4| P 
11 730 506 © 0| 67 Oo) e021, 0 y 0 0 | 34 34 34 0.4/ P 
12 800 600 0 | 106 0) OT OF 6 0 0 0} 33 31 32 0.5/| P 
13 2,275 1,816 0 | 161 0; 0}; O|] O y y y | 38 36 37 0.8; P 
14 2,075 1,750 0; 31 Oi) SOO} 0 y y y | 37 35 36 OF ee 
15 2,235 2,210 0 9 0/ 0/ 0} 0} 200 0 0 | 33 31 32 0.8; P 
16 2,275 2,300 0 11 0/ 0; 0} 0} 400 0 0 | 37 35 36 0.6) P 
17 2,250 1,915 0; 40 OL 20M O4t-0 150 0 0 | 38 36 37 0:2 ee 
18 1,315 1,285 0 12 0; 0; O0|] O 0 0 0 | 23 23 23 0.6 | M 
19 y 1,756 1 0 0/0.) 071 0 y 0 y y y y 
20 2,200 2,100 8 | 529 0{] 0/ 0} 0} 1,500 y 3504] 28 26 27 0.9|M 
21 1,900 1,275 0} 160 0; 0} O} 0O/}1,250 0 0} 39 37 38 0.4/) P 
22 2,740 2,670 0 | 234 Of Osi). OF Oil 200: 0 0 | 36 36 36 0.6| P 
23 1,771 y 0 1 0; 0; 0] O y y Ty y y 
24 1,160 1,080 0 0 0; 0} O| O z x z | 33 31 32 0.8 f 
25 4,950 4,850 0 0 0} 0} O} 0} 1,855 | 1,855 | 1,855 Only 
26 3,050 2,990 0 v4 O} 'O)> OF. 06 z z z | 38.6 | 36.2 | 37.3 0.2/| P 
27 2,606 2,606 0 1 0/ 0] 0} O 0 0 0; y y y y y 
28 5,850 5,750 0 0 0; 0} O| 0/}2,100 y y Gas Only 0.4 
29 3,950 3,920 4 0 0; 0}; O| 0 y y y | 26 32 28 0.4 
30 5,450 5,250 y y Te ae el eee Mee) y y y | 26 32 28 0.4 
31 8 8 0; 0} Oj] 0/1,500 7] y 
32 2,700 2,650 0 | 273 0; 0} O| OO} 3850 0 0 | 37 35 36 0.8/M 
33 2,450 2,375 1 22 0; 0} O} O} 200 0 0 | 34 33 33.6] 0.5 | M 
34 2,310 2,260 0 1 0] 0} O| 0} 1,250 0 0 | 37 36 37 Or ee 
35 2,585 2,570 1 0 0; 0}; O| 0} 342 0| 342 | 27 27 27 0.8|M 
36 2,200 2,050 0 16 Ob SO le Ot =O 150 g 0 | 30.4 | 30.4 | 30.4] 0.8] P 
37 3,085 3, 0 | 264 01) ees z z z | 36 34 35 0.3); P 
38 2,960 2,945 0 0 0; 0} O| O} 875 180 as Only 
39 3,287 y 0 1 0; 0} 0} 0 r z x y 42 y 
40 475 450 0}; 30+ 0] 0} O|] 0 z £ z|4 40 41 0.2 p 
41 1,000 900 0 0 0; 0} 0] O|} 400 100 | 90e Gas Only 
42 750 260 0 0 21/ 0}; 0] O 0 0 0} 21 21 21 0.1; A 
43 960 0 CSO ONO 0 0 0 19 0.7) A 
44 400 0 Oy SO OF "0 0 0 0 18 0.4/ A 
45 1,700 0 0; 0}; O| 0 y 0 0 38 0.2) P 
46 1,260 0 O01 OF 0 z & z = 0.5) P 
47 2,990 0 0/ 0} O| Oo x x ‘ 40 0.2| P 
48 3,040 0 0; 0} O| O x z z 38 0.3 | P 
49 3, 0 OU) a Oe 1G 2 x x 37 0.3] P 
50 1,650 7] Oaee allay z 2 x 33.0} 0.4] P 
51 900 0 0] 0; 0] O 0 0 0 37 0.2 oP 
52 1,915 0 0} 0} O} 0} 400 0 0 36.0} 0.2] P 
53 1,000 0 0; 0} 0} O| 400 0 0 37 03. 12P 
A 
54 3,949 0 0; 0}; Oj] O y y 16 
55; 8 0 0] 0] 0] o| 296 mile Pe 


‘On flowing wells only. 
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Producing Rock Deepest Zone Tested 
rela ae cs . to End of 1937 
Average during 
1937 s8 
ater d is a8 
28 Pro 
g Gal. Name Ages gm A pr 
q B.t.u. | Gaso- . > | . |B2] « {ses Name 
per line 2) 2 (88 5 ls Bo se 
4 | Cu. Ft per M 3 “2 ae 2 Bee ag 
3g Cu. Ft. Bile eae! bisa ac 
3 Sy 9 oe ta ae 
1 y Navarro sands CreU | SH | 22 i 
2| 1,025 | 2.5 | Serpentine CreU | P | 12 8 rer % Tlnaeds tae ath 
3 | 1,010 | 0.5 | Serpentine CreU | P | 15-20} 50) Intn 0 | Edwards lime 2'300 
4 y Serpentine CreU y y| Intn 0 | Edwards lime 1,925 
5 | 1,300 | 1.0 | Serpentine CreU | P | 12 50) Intn 5 | Edwards lime 3.250 
6 y | 1.5 | Dale lime and serpentine |CreU | P 15 35| Intn 18 | Edwards lime 2950 
7 y | 1.4 | Serpentine reU | P | 15-25] 100] Intn 8 | Edwards lime 2;600 
Sa) 1385) | oy Navarro sands CreU | S | 15-20] 20 F 28 | Trinity sand 4.535 
9 | 1,140 | 0.8 | Navarro sands CreU | S 16 10); =F 16 | Edwards lime 1590 
10 | 1,120 | 0.5 | Navarro sands CreU | S | 15-20) 15) A 39 | Travis Peak 3,460 
11 y\oy Navarro sands CreU | SH | 10 20 F 21 | Edwards lime 21835 
12 y | 1.8 | Navarro sands CreU | §S nee 10). rt 36 | Glen Rose 3,850 
13 y | 1.5 | Austin chalk, Edwards lime | CreU | L | Li 25 F Edw i 
14 y | 1.6 | Serpentine reU| P | 12 Ac * Tdwards a et 
15 y| y Edwards lime CreU | L 25 25 F 5 | Edwards lime 2350 
16 y | 1.5 | Austin chalk crevice CreU'| L | Crev| 15] F 10 | Edwards lime 9420 
17 y | 1.5 | Dale lime and serpentine |CreU| L 15 30|  Intn 8 | Edwards lime 2'661 
1g | 1,120 | 1.3 | Edwards lime CreL | L 30 35 F 8 | Glen Rose 23150 
19 y| y Austin chalk CreU | L y yl oy y ly 25 
20 955 | 1.5 | Edwards lime CreL | L 25 | 100} F 85 | Travis Peak schist | 7,859 
21 | 1,040 | 1.5 | Serpentine CreU| P | 14 | 400| Intr 47 | Edwards lime 2,292 
22 | Sulf | 4.0 | Edwards CreL | L | 30 | 25] F 42 | Edwards lime 2,918 
23 y\ ¥ Austin chalk CreU | L y y y 0 | Austin chalk 1771 
24 z| 2.1 | Georgetown CreL | LS 23 5| AF 23 | Glenrose 2/025 
25 | 1,040 | y Woodbine sand CreU | 8 L 25 £ 1 | Woodbine 5,002 
26 | 1,080 | 2.5 | Woodbine sand CreU | SH | 25 | 35] F 63 | Glen Rose 4,385 
27 y| y¥ Austin chalk CreU | Crevice yl soy y ‘ 
28 y\ y Georgetown CreL | L y 59 N 0 | Travis Peak 10,050 
29 0; 0 Navarro sand CreU | S 20 15) N 3 | Travis Peak 10,050 
a yl| oy Austin chalk CreU | C y y| N 2 | Travis Peak 10,050 
32 y | 2.3 | Edwards lime Cre L 30 30| =F 29 | Travis Peak 5,509 
33 y | 1.5 | Austin chalk Cre C 5-25 | 100 F Edwards lime 3,200 
34 y | 1.5. | Austin chalk Cre Cc 35 30| F 4 | Edwards lime 2,800 
35 y | 1.5 | Taylor Cre L y 30 F 3 | Edwards lime 3,342 
36 y| y Austin chalk Cre C 10 | aa 5 | Edwards lime 2,600 
37 | 1,152 | 2.5 | Woodbine sand CreU | SH | 25 50 F 149 | y 8,847 
38 | 1,040 | 0.4 | Woodbine sand CreU | SH | 20 15) F 9 | Woodbine sand 3,208 
39 yioy Edwards lime Cre L y Mee! y ly y 
40 | 1,225 | 2.0 | Basal Walnut CreL | DL | 22 3) AF 100 | Trinity (Basal) 1,800 
41 999 | 2.3 | Escondido sand CreU | 5 z 20) OF 12 | Edwar 2,289 
42| 1,095 | 0.5 | Navarro sands CreU | SsH | 15 20} + Intn 0 | Edwards lime 1,725 
43 y| y Navarro sands CreU | SsH | 15 15) T 34 | Edwards lime 2,048 
44 y | 1.5 | Navarro sands CreU | SsH | 15 157 Ee 17 | Edwards lime 1,285 
45 y | 2.5 | Navarro sands CreU | SsH | 16 pS ay 46 | Edwards lime 5,000 
Corsicana Taylor A 
46 | 1,040 | 1.8 | Nacatoch Navarro CreU | Ss | 12-20 AF AM | 550 | Woodbine sand 3,570 
47 | 1,040 | 2.5 | Woodbine sand CreU | SH | 22 20; =F 53 | Woodbine sand 3,646 
48 | 1,060 | 2.5 | Woodbine sand CreU | SH | 25 20; =F 23 | Glen Rose 5,415 
49 | 1,080 | 2.5 | Woodbine sand CreU | SH | _ 25 45 F 68 | Trinity sand 6,506 
50 ee Navarro-Taylor CreU | Ss | 14-20] 15| AF 54 | Trinity 6,506 
Basal Taylor 3 
51 y | 2.0 | Serpentine Cre 1 20 y| Intn 4 | Edwards lime 2,000 
52 | 1,025 | 0.8 | Serpentine Cre il 20 75) Intn 20 | Edwards lime 3,226 
53 y | 0.8 | Serpentine Cre 1 25 75| Intn 23 | Travis Peak 8,290 
54 y| oy Edwards CreL | L y i} oe 0 | Edwards 3,983 
55| 1,015 | 0.2 | Escondido sand CreU | SH x 20; A 10 | Glen Rose 4,709 
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TABLE 1.—(Continued) 
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Area Proved, Acres 
Field, County Life 
Oil 

& Oil | and | Gas | Total 
g Gas* 

Ej 

a 

2 

a 

Depleted Fields 
56'|; Chatfield ©:Vavartness f-.. ..< ivteci co. Bone eo en a ns 6 Yr. 0 0; 150) 150 
BU} Mission;S: BezanacG- csi: salen sees eC ae ee ea ee 16 Yr. 200 0 0} 200 
58 | Witherspoon-McKis,’ Navarro... 00... 2... 2scecceceeeseecicec cece... 20 Yr. 400 0 0} 400 
59.|, Kosse,8 Limertone we 6 0. Boe etaan AR Cee aes EA ee SM ge nem 8 Days 10 0 0 10 
60'|' Niguer-Creek,*. Limestone, osu erdede ane REG aes en oe ee 5 Yr. 170 0 0; 170 
61} \Cedar:Creek,20Temestona: hau, a yn eae ela a een enews 4 Yr. 30 0 0 30 
62'1, Obtine; 1), Consalesheeic sect, 02 aie 0 ee en ee 6 Mo. 10 0 0 10 
63; Lytton: Springs'!2_(Tiwat);. Caldwell: a se Seanad eee snus e6 Yr. 50 0 0 50 
64: Marlio-Notin, 8. Haile. Gaa.03 38, Cer) eine GR ener we aac mine eid t & Yr. 10 0 0 10 
65:|; Cooksey it Berar seks age viet id hs cee ham ee ec fete aes % Yr: 50 0 0 50 
66.|Schimmel-Batis,t5) Bastrop: :s.c08 cise ccc eee ee ee, cee | 6 Yr. 50 0 0 50 
67 Mando36: Traviavg ach. Genentech Ee ele 2 Yr. 40 0 0 40 
68'| Pearsall; Budg,¥, Brio: ateonccnccapntegl o1 Leech ae eee ene webs 7 Mo. 40 0 0 40 
&€ 


5 Discovered 1905; depleted 1910. 
6 Discovered 1912; depleted 1928. 
7 Discovered 1915; depleted 1935. 
8 Discovered 1922; depleted 1922. 
9 Discovered 1926; depleted 1931. 
10 Discovered 1927; depleted 1931. 
11 Discovered 1929; depleted 1929. 
12 Discovered 1930; depleted 1935. 
13 Discovered 1932; depleted 1935. 
14 Discovered 1929; depleted 1936. 
16 Discovered 1930; depleted 1936. 
16 Discovered 1934; depleted 1936. 
17 Discovered 1935; depleted 1936. 


sss 


Total Oil Production, Bbl. Terie bh Sse Number of Oil and/or Gas Wells 
During 
at iced At End of 1937 
me or ae eae Aver- | > 
re 0 End o} uring uring age Py ‘3 
3 1937 1936 1987, |durng| = 2/s |As| $5 >a Se 
E Nov. | 3 [2/3 [g=| B= |B) BlEelwn lees) ff 
2 197 | & |e | elaxl as |e] s solez es s| 3 
3 se (E/E (Se 2 | 2 | 2 lee/es eelee a: 
pee & [AA je] SF S| ales |b SES|e 
56 0 0 0} o | 4,750! of o|o 15 | of o 
57 63,000 0 0| o | of ofo | 32] of o| y 0 O| 0 0 
58 810,495 0 0} 0 0) 0} O}0 | 8 | Of Oo] yj 0 | of o| o 
5 33,000 0 O41 oc8 o| o| ojo 1 joOh Ob} 0 10 bo tae 
60 | 2,998,810 0 0| oO o} 0} O}0 | 7 | ono] y| 0 | o| of o 
61 297,945 0 0 0 0} 0} Ofo 14 Or:0} y} 0 | of of o 
62 12) 0 0] 0 o| of olo 1 | On0} y}| 0 | o| ol o 
63 6,273 0 0: gr0 0| 0| oo 3 | Of 0] vy} 0] o| of o 
64 1,560 0 D4°r 0 o| of o|o 2/ 0} O| y!| 0 | of] o| o 
65 67/228 1,686 0| oO Oly OF0, 0-1: 18°17 6) Otbngt “OL a beaten 
66 4/301 04) A00 o| of olo 6 | 0} o| y| o | o| o|-o 
67 15,736 4,696 o| o 0} 0] oo 21-80] ge] oct Of coe g 
68 20/867 4,968 "1-0 o| o| ojo 1" alo} y 0% ot -oree 
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areas with excellent results where the Edwards is penetrated only 1 or 
2 ft. This has been done on abandoned producing leases where water 
encroachment caused the wells to be abandoned. It now appears 
definite that many wells will be drilled in old Edwards lime fields and 
oil produced through the penetration of the Edwards of only 1 or 2 ft. 
that would never be produced from present wells where penetration was 
aminimum of 20ft. Itisaskimming process, with the resultant recovery 
of pipe-line oil in areas heretofore considered largely water. 


TaBLeE 1.—(Continued) 
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: Oil Production Methods Pressure, Lb. per Character of Oil, Approx. 
Depth, Average in Feet at End of 1936 Sq. In.¢ Average during 1936 
Average at Gravity A.P.I. 
Number of Wells Bind of at 60° F. 

Bottoms of | To Top of 5 
3 Productive | Productive =o 
g Wells Zone Bete] g a Pests = 
5 20 ea ee 85 1936 | 1937} 2 5 | 8h|455 
A 5 Ceti eal) Ge se) = | g 2 ES 
2 El @ | aia 2 ileg 3 Ho] a |e | See | 8 
ee ‘gS =) a |. 4 Se] a a & oF 3 B 
é py er Sag fees ee S| S pes pam he 
56 1,020 880 0 0 0; 0} 0} 0} 250 0 0 
57 420 395 0 0 0 0 0 0 x z xz | 28 26 27 0.3) 2 
58 875 825 0 0 0 0 0 0 Ey 0 0 | 20 18 19 0.6 | P 
59 3,767 & 0 0 OU Ohi) 107) .0 x 0 0 | 32 32 32 0.3 | P 
60 2,870 2,820 0 0 OA. 0), 07-0 £ 0 0 | 40 40 40 OME 2 
61 2,940 2,885 0 0 0: 0), 05/20 x 0 0 | 37 37 37 Ovsnia ky 
62 3,780 3,765 0 0 0) OF O10 x 0 0 | 32 32 32 OL2F) B 
63 1,820 1,535 0 0 Onl 0) 22030 x 0 0 | 34.5 |} 31.5 | 31.5 | 0.4) P 
64 1,160 1,000 0 0 0 0 0 0 © 0 0 | 34.5 | 33.9 | 34.2 0.45) B 
65 1,460 1,440 0 0 Oe Ouhe Ones 0 x iy z | 34 32 33 0.4 | P 
66 1,900 1,400 0 0 OL On On sO z @, z | 34.8 | 33.8 | 34.4] 0.2] P 
67 757 720 0 0 FON SO" 07) 50 z e 0 | 34 34 34 (0 ZW 
68 6,232 5,900 0 0 On OL Oa 'O £ x 39 39 39 0.4 | P 


Deepest Zone Tested 
Character of Producing Rock to End of 1937 
Gas, Approx. 
Average during 
1937 eo 
An 
ag 
3 Sc 
: | Gal. Name Ages | _ i ‘a A BS Name 
gq | B.t.u. | Gaso- % = Isl 3 STS we 
Bo bee line 3 BP ls 2 B \g8s c . 
a Cu. Ft. pe os E g C 8 E g A zy = 3 
sa ; 6) giek ae oF A 
1,110 | 1.8 | Taylor sand CreU | Ss L 13 A 7 | Woodbine 3,057 
a 20 153 Navan sand CreU | SH | 18 25 F 15 | Glen Rose 3,550 
58 | 1,040 | 1.6 | Nacatoch CreU | 8s 14 19) AF 25 | Woodbine 3,480 
59 g| 2 Unknown r x L z| Crev 22 | Glen Rose 6,056 
60 Dalene Woodbine CreU | Ss 25 15), =F 35 | Woodbine 3,509 
61 | & Woodbine CreU | SH | 25 10 FE 9 | Woodbine 3,310 
62 Bye Taylor sand CreU| 8 x 15) F 3 | Edwards 4,281 
63 g | = Serpentine CreU | P 12 gz | Intn 12 | Edwards 2,050 
64 call oe Buda-Georgetown CreL | L 20 20| AF 8 | Glen Rose 1,409 
65 z| 0.3 | Taylor sand CreU| 5S 13 10 F 7 | Edwards 2,250 
66 | 1,120 | 1.5 | Serpentine CreU | P 13 z| Intn 8 | Austin chalk 2,001 
67 z| 0.4 | Serpentine CreU | P | 15-25 z| Intn 3 | Taylor marl 850 
68 z| & Buda limestone CreL | L x oi, aN 0 | Travis Peak. 10,050 
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Acid treatment, particularly of the Austin chalk, is standard practice 
and without this method very little production could be secured from 
the chalk. Acid-treating is extremely important in that it will cause to 
be developed many producing areas in the Austin chalk, although second 
class in nature, that could never be produced without acid. 

Not a few important wildcats have been drilled, but results were dis- 
couraging. No new major lease plays took place, except possibly in 
Dimmit County on the Carrizo Springs arch, and it cannot be said that 
the outlook at the end of the year is overly optimistic. Four tests were 
drilled to the Ordovician formation in the Edwards plateau, located on 
favorable structure, all of which were failures. Deep tests of the Glen 
Rose and Trinity formations in the Darst Creek field, Guadalupe County, 
and the Pearsall field, Frio County, were failures, and do not make deep 
possibilities in old fields more attractive. Table 2 gives a list of impor- 
tant wildcats. 


TaBLE 2.—Summary of Drilling Operations in Fault Zone of South Central 


Texas 
Important Wildcats Drilled in 1937 
Total 
County ‘ Location sp nen 
t. 
1 { Zavala,.......... See.{11-G.W.T. and P.R.R.BL. A-2| 3,947 | Eocene 
Batesville field ty ; (Bigford) 
2 aldwell .| Guadalupe College Survey 2,212 | Wilcox 
Burdette Wells) ’ (Eocene) 
3 adslupes,\ =... cat ace . .| John H. Burnham Survey Wilcox 
Nash Creek : 2,585 | (Eocene 
. LD ( ) 
A 1d ees raise J. Frequerros Survey No. 151 2,606 | Carrizo 
Frio Town (Eocene) 
Caldwell Isaac Allen Survey No. A6.28 1,256 | Wilcox 
5 Lost Mule (Eocene) 
Guadalipe =: S.raxnnnstecetee can eke ee aaa Joel W. Robinson Survey 5,509 | Wilcox 
6 Dayat' Greek 2. rnc tere eae ea ee tet 7 (Eocene) 
7 : 
| Samuel Miller League 7,141 | Crockett 
8 ...| Eliza Sante Survey 6,241 | Sparta 
9 ' oo 7 nee Ditch Co. Survey No.| 10,741 | Mt. Selman 
10 No. 7G. W. T. & P. R.R. 5,956 tetris or 
taceo! 
11 BO Wits icp. Peete orcas Sin eat Rr No. 16 A. Wilkes 3,952 reese 5 
Cretaceo 
12 Edlyardaatetinweacat sc 86s Arce Jae ee eee Be No. 66 J. W. Joy 5,175 Seems 
(Cretaceous) 
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TABLE 2.—(Continued) 
Important Wildcats Drilled in 1937 
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poe Chok Pressure, Lb. 
Deepest per Day a e per Sq. In. 
orizon Drilled b B arks 
Tested i rae Fractions Remarks 
li, U.S. . 
on | Of eh | Casing fee, 
1 { cee Ls a F. Wilcox 0. & 2,400 None 200 | Well went to water. Abandoned. 
siclee ous) . Co. One dry offset 
2 { (C Lich sets Lanning & Coffield 40 Pump Now four Edwards producers 
3 Edwards Duke Carver et al. 3,000 1” choke| 450 | 225 Three dry holes Freak-Austin 
(Cretaceous) chalk crevice 
4 ene Bocennout and 140 On swab Box Boole producer from Austin 
amieson 
Edwards ~ MeNeill Petr. Co. 70 Pump vers chalk crevice. Well went 
5 (Cretaceous) } ca pomp redy to water. One dry 
Travis Peak Diamond Half Oil | Dry Wat * arilled to test Trinity 
6 (Cretaceous) Co. (Travis Peak) and Glen Rose. 
Went into schist at 5,480 ft. 
under Cretaceous 
7 f ane Paul Teas Show eee powers. Showed oil. Tested 
8 Edwards Red Bank Oil Co. | Show ee Baards. Showed oil. Tested 
9 { Travis Peak Amerada and Ry- Tested Edwards, Glen Rose and 
cade Travis Peak formations. Sev- 
\ re shows oil. None commer- 
; cial 
10 Ellenberger Sun Oil Co. Dry One of few Ordovician wells 
(Ordovician) Water drilled 
il Ellenberger Water One of few Ordovician wells 
(Ordovician) | A. D. Auld Dry drilled 
12 Ellenberger Plateau Oil & Gas | Water One of few Ordovician wells 
(Ordovician) Co. drilled 
Located on major anticline 


TaBLE 3.—The Seven Producing Fields 


Depth of Initial 
Field County Oper cs et Number As ee teres Remarks 
Ft. Bbl. 
Batesville ........-- Zavala Wilcox, H. F. 3,947 4,410 | Discovery well 
No. 1 Gillam (Edwards) of field 
Burdett Wells...... Caldwell Brown Drlg. Co. 2,198 73 | Discovery well 
No. 1 Blackwell (Edwards) 
Frio Town......... Frio Pagenkopf & Jamieson TD 2,651 5 | Discovery well 
No. 1 Houston Estate PD 2,606 
(Austin chalk) 
Most Muleststs...6. Caldwell MeNeill Petr. Co. 1,756 60 Discovery well 
No. 1 Felipe Morena (Austin chalk) 
Mebane......--.--- Caldwell Burgin, C. O. 1,771 5 Discovery well 
; No. 1 Sarah Mebane (Austin chalk) 
Nash Creek.......- Guadalupe | Carver, Duke, et al. 2,585 496 | Discovery well 
No. 1 Rumph (Austin chalk) 
NE. Cedar Creek....| Bastrop Olsen Drlg. Co. 1,925 100 | Discovery well 
No. 1 Mrs. C. N. Mur-| (Serpentine) 
chison 
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Oil and Gas Development in South Texas* during 1937 


By M. T. Hatsoury,t Memper A.I.M.E. 
(New York Meeting, February, 1938) 


Tue Laredo oil district, South Texas, includes an area of approxi- 
mately 200 miles long north and south and 75 miles wide, embracing the 
following counties: Starr, Zapata, Jim Hogg, Webb, Duval and 
McMullen. The area is relatively old in respect to the production of oil, 
as the first oil was discovered and produced in the Piedra Pintas field in 
Duval County on Sept. 10, 1905. Since that date, continuous new dis- 
coveries have contributed to the development of this district until, at 
the present time, it is one of the important oil-producing and gas-produc- 
ing areas in the world. The year 1937 also had its share of new 
discoveries in the district, including not only new oil fields but also new 
sands in already producing pools and important extensions to existing 
sands and fields. 

Among the most important field discoveries, by counties, are: 


Duval County..... Benavides, Sweden, Thomas-Lockhart, Labbe and Lundell fields 
Jim Hogg County.. Las Animas field 

McMullen County. Ezzell field 

Starr County...... El Tanque field 

Webb County..... Killam and Oilton fields 


Of these, Benavides, Oilton, Killam and Ezzell have so far proved them- 
selves most important; the Benavides field, Duval County, showing by 
far the most activity. 

For the year 1937, there were 283 wildcat tests drilled in this district, 
of which 35 were oil producers, 20 completed as gas wells and 228 aban- 
doned as dry holes. Duval County, as usual, received the greatest 
amount of wildcat drilling, having 21 oil wells, 5 gas wells and 63 dry holes 
completed during the year for a total of 89 tests. Next came Webb 
County with 4 oil wells, 4 gas wells and 53 dry holes for a total of 61 tests. 


*South Texas, or Southwest Texas, as formerly it was called, is, because of its 
size, divided into three sections; namely, Laredo district, San Antonio district and 
Corpus Christi district. Since A.I.M.E. TRANSACTIONS have included Corpus Christi 
district in Gulf Coast reports and San Antonio district in North Central Texas reports, 
this paper will deal only with South Texas’ Laredo district. All references to South 
Texas, therefore, refer only-to the Laredo district. Manuscript received at the office 
of the Institute Feb. 14, 1938. 

t Vice-President, Chief Geologist and Petroleum Engineer, Merit Oil Corporation 
of Texas, Houston, Texas. 
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Following in order came Starr with 4 oil wells, 4 gas wells and 40 dry 
holes, total 48 tests; McMullen with 4 oil wells, 2 gas wells and 33 dry 
holes, total 39 tests; Zapata with 1 oil well, an extension to the Escobas 
field, 1 gas well and 24 dry holes, total 26 tests; and Jim Hogg County 
with 1 oil well, 4 gas wells and 15 dry holes for a total of 20 tests. 

In South Texas, oil is produced from horizons ranging from 150 ft. in 
depth, as found in the Charco Redondo field in Zapata County, to 6000 
ft., as found in the Sweden field of Duval County. Even though the 
area is mainly one of shallow production, South Texas is not to be over- 
looked for the possibilities from deeper horizons. With deeper producing 
horizons being found in South Texas, such as the Cockfield production 
that was discovered in the Benavides, Sweden, Thomas-Lockhart and 
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Fig. 1.—MIRrANDO TYPE OF STRUCTURE, SHOWING LENSING SITUATION IN JACKSON 
ZONE. (After George R. Pinkley.) 


Barbacoas fields, it is probable that the near future will see this oil 
picture of South Texas more changed, with the lower horizons becoming 
more important as a source of oil. (See Table 3.) The discovery of 
several new sands at deeper levels in already shallow producing fields has 
caused a new exploration program of the entire shallow district. 

In almost all of the localities in the district, development has been 
kept within certain known shallow geological zones with very little 
drilling projected to the lower horizons, because the shallow production, 
with its cheap cost of drilling and quick payout, was more alluring to the 
operators. However, the general possibility of deeper production 
throughout the entire area is so bright that South Texas can be considered 
as a district that has only been scratched in the search for its total oil 
production. 

The trend in deeper drilling has been most conspicuous in wildcats. 
Where fairly large blocks are held, wildeats are usually drilled through 
several horizons, which, in turn, determine the extent of the limits of 
production in a new discovery. Faster drilling has also come into its 
own. Reduced drilling time, together with increased efficiency, has 
been the development in all fields. Drilling almost always is with 
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rotary. More powerful pumps are used, together with larger hookups. 
Improvement in coring and testing has established many new producing 
levels in almost every field. South Texas has an average of at least 
two producing zones in every field. 
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Fig. 2.—NEw FIELDS oF 1937 In SoutH TEXas. 


The gravity of most of the production in this section of Texas ranges 
from 19° to 26°. “Mirando type crude” is the name by which this oil is 
generally known, and its properties make it especially adapted to Diesel- 
engine operations, usually in its crude state. Besides being excellent for 
fuel, when refined, its lubricating qualities are ideal and its gasoline, 
though low in content, is of a high antiknock value. The market for 
this crude is thus varied. The crudes ranging up to 60° are unusually 
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desirable for skimming. By blending gasoline made from residue gas 
with this high-gravity crude, a highly marketable and high-priced 
product is obtained. 

Despite the upward trend of daily production through the years, 
South Texas operators have been able to discover sufficient oil to offset 
withdrawals, and to add considerably to its known reserves of crude oil. 


PropucInG FORMATIONS 


The accompanying stratigraphic section gives the producing forma- 
tions. The Jackson formation of upper Eocene age contains the most 
important oil sands found in the South Texas district. It is divided into 
three zones: the Whitsett, sometimes referred to as the Fayette, occurs 
in the top of the zone; the McElroy, also commonly referred to as the 
Hockley, is the middle member of the zone; and the lower member is the 
Caddell, which also is commonly referred to as the Diboll. All three of 
these zones are productive in this district and carry good sections of oil 
sands. The Whitsett zone contains the Cole sand, which produces both 
oil and gas; the McElroy contains the Chernosky sand, Government 
Wells sand, Loma Novia sand, and upper Mirando sand, which, together, 
form the most prolific sand section of the entire district; and the Caddell 
zone contains the Low Mirando sand at its top and the O’Hern sand at 
its base. The three zones contain seven producing sands, or a combined 
producing section of 200 ft. of effective sand for the district—an average 
individual effective sand thickness of 22 ft. for each sand in the Jackson 
group. All of the sands in this group are unconsolidated and strikingly 
similar in lithological characteristic. The sands are fine to medium to 
coarse-grained, the medium grain predominating. The average char- 
acteristic shapes of these grains vary from subrounded to rounded. The 
sands in the Jackson group are listed and described as follows: 

1. Cole Sand (Whitsett Zone)——The Cole sand is named from the 
Cole field, Webb and Duval Counties. It is a lenticular sand body 
varying in thickness from 10 to 25 ft. This sand produces in many 
scattered fields throughout the district, but the principal fields are the 
Cole, where a great amount of gas is produced with the oil, the Randado, 
in Jim Hogg County, where it produces oil, and the Eagle Hill, in Duval 
County, where it also produces oil. These three fields are good examples 
of Cole sand production. 

2. Chernosky Sand (McElroy Zone).—The Chernosky sand is similar 
in lithological characteristics to the Cole sand and averages in thickness 
from 20 to 25 ft. It produces principally in the eastern part of Seven 
Sisters field in northern Duval County. 

3. Government Wells Sand (McElroy Zone).—This sand is one of the 
most prolific in the entire district. The producing section is 150 ft. 
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thick, with individual sand members ranging from 15 to 35 ft. in thickness. 
Shale breaks from 10 to 20 ft. occur between the sands. The sand as a 
whole produces prolifically in the Government Wells, Sarnosa, Seven 
Sisters, Benavides, and Hoffman fields, all in Duval County. 

4. Loma Novia Sand (McElroy Zone).—This sand ranges in thickness 
from 15 to 25 ft. and occurs approximately 130 ft. below the top of the 
Government Wells sand. It produces in the Loma Novia, Seven Sisters 
and Hoffman fields, all in Duval County. 

5. Upper Mirando Sand (McElroy Zone).—The upper Mirando sand 
occurs at the base of the McElroy zone. The sand section is broken by 
intermittent beds of lignite and lignitic shales. Individual sand bodies 
range from 15 to 25 ft. in thickness. It produces oil and gas in the 
Mirando City, Aviators, West Cole, Killam, Oilton and Lopez 
fields, all in Webb County, and in the Escobas and Comitas fields 
in Zapata County. 

6. Lower Mirando Sand (Caddell Zone).—This sand occurs at the 
top of the Caddell zone. It is separated from the upper Mirando sand 
by lignitic shales. The sand is similar in characteristics to the upper 
sand and usually produces in the same fields. 

7. O’Hern Sand (Caddell Zone).—The O’Hern sand occurs at the 
base of the Caddell and is similar in characteristics to the upper sands. 
Its thickness is from 10 to 25 ft. It produces in the O’Hern extensions 
of the Cole field in Webb County. 

Other Sands.—The Yegua, Cook Mountain and Mt. Selman forma- 
tions also produce oil and gas in this district. The Yegua is the most 
productive zone, with its Cockfield member the most prolific. Sands 
found in the Yegua are the Pettus, “Jacobs,” ‘Tuleta” and ‘Conroe,”’ 
generally known sands, and there are other sands individually named in 
various fields, such as the ‘‘ Navarro” sand, which is correlated with the 
Pettus sand in the Benavides field in Duval County, and the “‘ Rosen- 
burg”’ sand, also Pettus equivalent, in the Oilton field, Webb County. 

Drilling during the year 1937 has been very active, the Yegua forma- 
tion receiving more attention than previously, since it has been recog- 
nized by such discoveries as Benavides that the Yegua potentialities in 
that area are great. However, the Yegua, Cook Mountain and Mt. 
Selman produce only a small 15 per cent of the entire production in this 
district, the Jackson group producing the remaining 85 per cent. It is 
possible that deeper and extensive drilling in the future will open greater 
possibilities of the lower formations and, in turn, increase the amount of 
production from the lower group. 

All of the sands in the district, regardless of the producing formation, 
are lenticular in shape and elongate in a north to northeasterly direction 
and wedge, or pinch out, very abruptly on the updip side, which is west 

to northwest. The yield per acre varies from 5000 to 20,000 bbl., and 
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the average ultimate recovery per acre-foot of sand is estimated at 
600 barrels. 


= 5 3 : d 
Stratigraphic Section of South Texas* 

APPROXI- AVERAGE 

MATE DEPTH TO 

THICK- eet OF 

: NESS, acH MrEm- 
apes FORMATION LirHoLoaic CHARACTER Fr. BER, Fr. 

Pleistocene Reynosa Caliche 0-35 35 


Pliocene Goliad Coarse gravel and gray sand usually 
covered with caliche mantel, in- 
terbedded with gray, mottled 

/ ‘ sticky clay 150 185 
Miocene Oakville Coarse sand, brown to gray in color, 
associated with gray to red clay 

and shale 250 435 


Chusa Fine-textured tuffaceous clays 500 935 


( Coarse sandstone, brownish gray to 
Catahoula< Soledad green, with volcanic ash, also 
{ tuff | large gravel and boulders 550 1485 


Oligocene Fant Volcanic tuff and light gray volcanic 
| shales 150 1635 

Frio Light gray sand, sandstone and 

sandy clays characterized by 
silicified wood 500 2135 


Whitsett Fossiliferous, green lignitic shale, 
fossiliferous, dark green shale, 

clay, sand and sandstone 350 2485 
McElroy Fossiliferous, green and black shale 
with various beds of soft medium 
Jackson grained sands. This zone is char- 
acterized by Textularia hockleyen- 

sis and associated Foraminifera 850 3335 


Caddell Gray black to dark green shales 
with beds of glauconitic sand. 
This zone is characterized by 
Textularia dibollensis and asso- 
ciated Foraminifera 150 3485 


Micaceous chocolate brown to gray- 
ish black brittle shale with beds 
— ae of ee 
sand. is member of the Yegua 
Vooun Bigpcrend formation contains an upper an 
gu Goclkfeld lower horizon, the upper horizon 
being characterized by the ‘‘ Pet- 
tus’? sand and the lower horizon 
being characterized by the ‘‘Con- 
roe’’ sand 1200 4685 


Eocene 


Cook Mountain Micaceous sandy shales and sands, 
gray to grayish black in color 850 5535 


Mount Selman  Lignitic brown to brownish black 


shale with beds of brownish gray 
sand 1500 7035 


* This description of formations includes only formations that have been penetrated by the drill or 
exposed on the surface. The surface formations in this district include formations ranging from the 
Pleistocene to the Eocene and contain clastic and pyroclastic sediments, varying 1n color, and composed 
of clays and shales, voleanic ash and tuff, sands and sandstones. 


DuvaL CouNTY 


Sweden Field 


Discovery—On Feb. 3, 1937, Hiawatha Oil Company’s Southland 
Life No. 1 opened the Sweden field, southeast Duval County. It came 


4n for 500 bbl. of 42.4° gravity oil in the “ Conroe” sand, found at 5845 to 


5869 ft., the top of the sand being 141 ft. below the top of the Cockfield. 
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The depth of the well is 5869 ft. and surface elevation is 385 ft.; the top 
of the Whitsett zone at 4342 ft., McElroy at 4650 ft. and Cockfield at 
5704 ft. This discovery opened a new trend along the eastern side of the 
Mirando district, for until then the deepest production in the Mirando 
area was from 3600 feet. 

2nd Sand.—On June 1, Hiawatha Oil Company’s Southland Life 
No. 2 blew out while an attempt was being made to complete from 5100 
to 5105 ft. in a sand in the McElroy zone. The well ran wild for a few 
hours, but finally was controlled and completed as a gasser with a little 
oil production. Before this completion, the test was drilled to 5939 ft. 
without favorable results and was plugged back to test several sands 
before finally making a completion in the 5100-ft. horizon. 

3rd Sand.—In June, Hiawatha Oil Company’s Herberger No. 2 flowed 
oil and water after perforating from 5080 to 5084 ft. This sand is 
placed in the McElroy zone and is considered as a different sand from 
that producing gas in the Southland Life No. 2 well. The Herberger 
well was drilled to 5914 ft., but failed to produce in the regular sand 
found in the discovery well. 

Summary.—Since discovery, six oil wells, three gas wells and two dry 
holes have been completed in the Sweden field. 


Benavides Field 


Discovery.—On April 18, Frank Gravis & Doran’s F. V. Puig No. 1, 
1 mile south of Benavides and 4 miles northeast of Sweden field, was 
completed as a producer to discover the important Benavides field. 
The sand, which was found from 4730 to 4755 ft., is placed in the lower 
Government Wells sand zone and is called the “Gravis” sand. The 
elevation of this well is 396 ft., the top of the Whitsett is 3965 ft. and the 
top of the McElroy, 4361 feet. 

2nd Sand.—On July 1, a new Jackson sand was found in Benavides 
when Atlee Parr No. 1 (Standard Oil of Kansas), 1 mile south of the 
field, was completed for an initial flow of 265 bbl. on 14-in. choke in 
24 hr. from sand at 4738 to 4743 ft. This horizon, named the ‘“ Parr” 
sand, in the McElroy zone in the upper Government Wells sand section, 
is 50 ft. above the “Gravis” pay. 

3rd Sand.—On Aug. 1, Navarro Oil Company’s E. M. Rossi No. 1 
opened the third oil-producing horizon for Benavides when it flowed 
44.7° gravity oil at the rate of 98 bbl. per day through -in. choke from 
a sand at 5330 to 5352 ft. This test originally was projected to the 
“Gravis” sand, but it found the “Gravis” horizon below water level 
and was carried to a total depth of 6179 ft. An electric log indicated the 
sand at 5330 to 5352 ft.; the well was plugged back to 5350 ft. and pro- 
duction was obtained. This new horizon is equivalent to the Pettus 
sand of Cockfield age; in this field it is called the “ Navarro” sand. 


ade! th ee, arial 


1 Parr and Woodley sands combined. 
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TaBLeE 1.—Oul and Gas Production in South Texas in 1937 
Area Proved, Acres Total Oil Production, Bbl. 
~ 
& 
Field, County Py Daily 
a To End of | Duri Duri Beh 
g ‘ ; o End o uring uring age 
¥ ier ig cotcl acces £637 1936 1937 | during 
| 2 Nov. 
3 g 1937 
A ta 
| <x 
1| Albercas, Webb Ke etm nace asigth 8 ll 250 400 650 2,463,148 31,075 24,016 63 
DWAlworth,.J4-HO099. 0.33 0.62200 02cc0ns ll 80| 570 650 27,793 320 0 0 
3] Andrews, Zapota...........+++++++se0s 14 0} 2,000} 2,000 Gas Gas Gas Gas 
AWAWiator, We00. sccciecscc see sles jie 15 955 320) 1,275 5,667,145 143,237 132,713 344 
DIRBALDAOORE, SLUT aigesceleie sets tse cles es 4 60 580 640 27,804 4,330 4,335 10 
6| Benavides (No. Sweden), Duval 
3850-3900 ft. sand...............+- 0 0 40 40 0 
4700-4750 ft; sand? i 05... 05.-- +s 0| 1,000 40} 1,040 0 
4750-4800 ft. sand..............-.- 0| 4,500 120} 4,620 0 
BOOM USANA arco sate tee ee re tis o's 0 350 0 350 0 
2 GRD cysteines ets sn aL 0| 5,850 200} 6,050 612,134 0 612,134 4,700 
7| Blas Uribe, Zapata...............-+++++ 4 0 80 80 Gas 
8] Calliham, McMullen. ...........0.5-+5- 19 390 290 680 684,720 68,430 102,720 233 
9| South Calliham, McMullen...........-. 3 40| 440 480 Included in Calliham 
10| Carolina-Texas, Webb 
TOTP CECT latino sacs DACmICG cnt 16 0 80 80 Gas Gas 0 0 
eae bg man Persp taAye & peed 34 . a ree i Gas Gas Gas Gas 
e811 atin sae Ge. oer ie 0 5 
BOOO EE. gat coke tects te 14} 40, 400] 440 \ 254,927 3,595 3,543 7 
5000 ft. sand........... 2 0 20 20 Gas Gas Gas Gas 
TGOtal 5 coo peewee enle 110} 1,460] 1,570 
11] Charamousca, Duval............---.5+- 2 340 0 340 93,225y 93,225 299 
12] Charco Redondo, Zapata 
A50=200 foo sands. pecs nec -renn s 24 570 0 570 180,952 3,606 8,430 50 
DOO Lt Band ane te ae ea «ioe gale erage re 9 0 60 Gas 
AU LE seen ea alte aati ealeveins Its 24 570 60 630 180,952 3,606 8,430 50 
13| Clopton-Green, Starr...........--+25555 0 10 10 Gas 0 0 0 
14| Cole group, Webb-Duval 
TOUTE Cet Re er nBanocongodccad 13 65) 7,032} 7,097 12,190 
DEYN MAIC IG t  pan he gor Oneeeaeis amon 10 0| 2,066} 2,066 Gas Gas Gas Gas 
Ole OF RIOR Soo ae es ahs ca o.n siecinpe a 10) 2,270 120) 2,390 3,894,381 1,183,759] 2,054,541 5,902 
Cole Middle Se eas ace vlan e ancia« 2 20 160 180 10,850 23 
Cole Bruni obs. 62sec see eee 3 690 80 770 2,028,461 440,199 312,286 703 
MBA StA BLURS eter art ee lsetenecereersarp 4 0 140 0 140 112,961 0 112,961 452 
SOCAL eo oe classcts hig vides orem 13| 3,185] 9,458) 12,643 6,035,803 1,636,148} 2,490,638 7,080 
15| Cole West, Webb..........----00s0eees 10 420) 1,000} 1,420 3,309,970 208,629 179,650 461 
16| Colmena, Duval...........----0+- +020 3 240 400 640 142,076 13,345 127,265 343 
17| Colorado, Jim Hogg.........---++- 5-555 Al 10 0 10 19,335 5,448 13,887 35 
18| Comitas (Haynes), Zapata............-- 3] 1,025 40} 1,065 838,333 252,947 537,170 652 
19] Conoco Driscoll, Du’ 
cared he Coe yee aOR OC A ee a eee Ve ed Gas Gas 
2000 ft. Band ooo. een hie 8 
RAM fr ixand a oeNe se oe nina 8 120) eo elt 046,805 | 186,758] 301,908 | 1.049 
epi Gael Ogee Rr csv car 10 350 980} 1,330 946,895 135,753 301,998 1,049 
20| Crowther, McMullen..........-.-++++++ 18 80 0 80 25,000 0 0 0 
21] Cuellar, Zapata.........-.+-- esses eres 10| 340 220 560 2,487,954 42,522 40,959 107 
22| Eagle Hill, Duval..........++---+s+005 4 340 160 500 652,251 137,792 122,588 320 
93] El Mesquite, Duval...........+-+++0005 2 10 0 10 976 976 0 0 
24| El Tanque, Starr 
AQOtasand sy ceenisestee sine sec = 0 0 10 1 Gas as 
1700 ft. sand... 0 270 20 290 70,969 0 70,969 283 
1800 ft. sand........-. 0 10 0 10 0 0 
tal ee are sia\sie biaikaiee> = 0 280 30 310 70,969 0 70,969 283 
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TABLE 1.—(Continued) 
an re Oa ie 


Ib. ye 
. per 
Sq. In.¢ 


Initia 


Depth ie tion phi! 
Total Gas Production,5 Millions Cu. Ft. | Number of Oil and/or Gas Wells age a Feet fee 
1937 
During| at End of 1937 st ene! 
a pa WEB 
g 
a] 18 
To End | During During 3 ° 
. | of 1937 1936 1937 % lon a 2 5 
& mealies 3/2 Sl set [Ue 
g ge | 25) 2 2] gi 2zl4) gle3 [22 |» | 2 
a> a = | $6 ° =] lo i=] is 
2 agg | 22| F lal 5 es|=|Z2| see cee| 5 | 
3 SAS ISAS eel ESl Eee] ae] Ses! & | 
1] 4,926 62 84 0.24/' 100} 0} 4) 0} 17] 2] 19] 2,175/2,195 1| 16 
2 55.5 0.64 0 0 15} 2/0] 7} | 0} 0} 1,030/1,020 
3 ihe 0 0} y| y| 1,515/1,510 
4] 11,334 286 265 0.79} 216; 0/12 77| 0| 77 ao 1,835 0} 77 
5 55 8 G728_ | G2:02] 18), 1} 1) 7] 9] 1] 3 jae 2,450 1 of 
5,398|5,376 theo 
6 0 1} 1/0} o| Oo} 1} 1) 3,895/3,864 
0 25! 25) 0} 0] 24) 1| 25] 4,755/4:730 23] 1 
0 90| 90} 0} 0} 87| 3] 90] 4,830/4.755 84] 3 
0 8} 0} 0} 8! O| 8} 5,352/5,330 Thaat 
1,224 0 1,224 10 124} 124] 0} 0} 119] 5] 124 114] 5 
2} 0] 0] 2} of of oO sed 1598 
8 
8| 684 68 G120 | Go.25) 110] 7] 0} 0) 57] 5) oa) {, 828 Loa 1] 56 
790| 780 
9 G420 | Gl.1]| 14) 6/0} 2| 2! 6]  8|21,058|1,052 0} 2 
1,236|1,230 
10 
2} 0} 0} 2) oj 0} Oo} 1,280/1,270 
G990 | G2.7} 25] 1/0} Oo} oj 11) 11) 2/200/1'g00 
G84 | GO.2} 18) of} 1] of 4] 3] 4! 2.615/2'597 Oo} 1 
18} 0] 0} of 2] oO} 2! 3,198|2.947 0} 2 
1} 0/0} 0] oo} 0} 0} 5,056/4'996 
G1,074 2.9] 64 1/1) o} 93] 141 17 0} 3 
11 186 186 il 17} 16; 2} 0} 15] 0} 15] 1,550/1,525 3} 12 
12 
361.9 7.2 16.8) 0.1] 162} 7/10} 0] 47] 0| 47] 200! 150 0} 47 
0 0 0 3} 0} 0] Oo} oO] 0} =o} _—s 995}: g89 
361.9 7.2 16.8) 0.1} 165} 7/10} 0} 47] O| 47 0| 47 
13 1} 1/0) 1) 0} O} Oo} 1,614/1,604 
14 
G3,400 | G9.5 | 110) 0] 0] 6] | 78] 78] + 1,730/1,722 
G3,000 | G8.3| 33} 1/0] 0] 0} 30) 30] 2/450/2'314 
3,894 | 1,183 G2,070 | G5.6 | 229} 67] 0| 0) 227| 1] 228] 2:815/2’s00 | 177] 50 
307 | GO0.4 2} 0] 0} 2} 1) 1) 2] 2.960/2/950 Olay 
2,028 440 312 1 70) 7} 0] 14] 42) 0] 42] 31450/3'400 12| 30 
226 0 226 1.5} 14/ 14/0] 0} 14] 0] 14] 3431131415 li] 3 
G9,315 | G25.4 | 458] 89] 0} 22/ 284/110] 304 200] 84 
15| 6,619 417 659 | G1.7 | 154 1] 0} 1] 56] 10/66) 2,350/2,300 0); 56 
16 284 26 254 0.7{ 34) 27] 2} 1) 22) 9] 31) 1,550/1,486 5] 17 
17 385 10.8 27. 0.19} 1) 0/0) of 4] O} 1) 3017/3/009 0} 1 
18 838 252 G540 | G0.66) 164) 52] 0} 1) 162] 1| 163] 1,000] ‘815 5| 157 
1 
3) 0] Of 3! 0} 0] oO} 2,470/2,448 0} 0 
946 135 G601 | Gi.8 6} 0] 2) 1) 2] 2) 4} 2900/2884 0} 2 
32} 8] Of 1] 15} 2) 17] 3/448/3'370 3] 12 
946 135 G6ol | Gi.8| 41] 9] 2] 8] 17] 4} 21 3] 14 
20 23} 0] 0] 0} 0] 0} oj] 520! 500 0] 0 
21| 4,975 85 81 0.2] 86 3/0} o| 24] 3] 27 1,840)1,325 0 2 
: 470] 1,450 0} 15 
22 652 137 122 0.32) 23} | 3} 2] 18] o| 18 et 2120 ol 3 
23 1.9 1.9 0 0 1} 0} 0] 0} 0} O} Oo}: 2, 862/2'850 0} 0 
1} 1/0} oO} of} 1] 4) 420] 425 
141 141 0.56; 9) 910) of 9] 0} 9} 1,775!1,739 5] 4 200 
1} 1/0) 0] 1] 0} 1) 1,879/1;866 0; 1 
141 141 0.56; 11) 11] 0} 0} 10] a] 41 5] 5 
Al ‘od: nl 


a ee ee 
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Character of Oil, 
Approx. Aver- Producing Rock Leet es ie 
age during 1937 nd 0 
Gravity A.P.I. 
at 60° F. 
5 
= 
ths as pepe 
Name Ages as Ez, Name Hole 
ok R s oe, r } 
4 | 8 |so Bl . 3 oe titel > b 
Se ales aioe S| 2/22| 8 [evs 
Zz a HE as FI 3 as = S ed 
2 3 ‘2 |e s§ eil/ee| 2B |8es 
Sg a a a Se ee a 
1} 21.5'20.821 | Cole (Jackson) Koc Ss | Por | 17 MF 14 | Yegua 3,710 
Oy DAR Spal seat Upper Jackson Hos . Por| 6 te 18 ae Faced 
3 Gas ackson Cy 8} Por| 5 10 | Jackson y doy 
4) 22 |20 |21 Maelo (eoesoy) Hee = Ae li Wee 21 epee : Bake 
Gas atahoula ig 8 or | 10 egua 5 
5|4 Gas and 24 | Frio Olig Ss | Por | 26 ra as | Yor 5,640 
58 Re 58 | Cockfield Koc Ss | Por | 22 AF 1} Yegua 5,640 
6 
Gas Cole (Jackson) Eoe Ss | Por | 22 | MF 0 | Lower Yegua 6,179 
44 |42 |43 | Upper Gov. Wells Eoc Ss | Por | 20 | MF 0 | Lower Yegua 6,179 
44 |42.5|43.6| Lower Gov. Wells Eoc Ss | Por | 25 | MF 0 | Lower Yegua 6,179 
45 |44 144.7] Pettus (Cockfield) Eoc Ss | Por | 22 | MF 1 | Lower Yegua 6,179 
Wi Gas McElroy nee ES oe » nt 6 | Jackson 3,000 
21 1|19.8|20 | Hockleyensis oc 3 | Por | 28 : 
s {31 20.5|20.6) Pettus Eoc Ss | Por | 10 Mit pL ese et) are 
Whitsett Eoc Ss | Por | 10 | MF x 
9) 422 |21 |21 | Gov. Wells Koc Ss | Por} 6 | MF 11 | Carrizo 5,301 
Gas Loma Novia Koc Ss | Por| 6 | MF 
1 
: Gas! Whitsett Eoe Ss | Por | 10 AF 0| Mt. Selman 5,057 
Gas McElroy Eoc Ss | Por | 65 AF 6 | Mt. Selman 5,057 
35 |33 34 | Cockfield Eoc Ss | Por.| 10 AF 10 | Mt. Selman 5,057 
46 |45 '46 | Upper Saline Bayou | Hoc Ss | Por | 50 AF 17| Mt. Selman 5,057 
Gas and 42.5 | Mt. Selman Eoc Ss | Por | 60 AF Ri Mt. Selman 5,057 
11} 21 |20 {20.5} Mirando Hoc Ss | Por | 10 MF 9 | Cook Mountain 3,892 
12 
17 |16 |17 | Upper Jackson Koe Ss | Por| 8 | ML Cockfield 3,000 
Gas toasts Eoc Ss | Por| 5. ML 30 { Gorkfeld 3,000 
13 Gus! Cole Eoe Ss | Por | 10 z 0 | Cook Mountain 4,620 
14 
22 |22.5) Cole (Jackson) Eoc Ss | Por| 8 A 32 | Mt Selman 6,394 
Gas Coles Eoc Ss | Por | 10 A 27 | Mt. Selman 6,394 
29 |28 |28.5| Caddell Koc Ss | Por | 15 A 45 | Mt. Selman 6,394 
36 |36 |36 | Caddell Eoe Ss | Por| 9 A 13 | Mt. Selman 6,394 
42 |41 |41.7| Lower Yegua Eoc Ss | Por | 14 vy 27 {My Selman 6,394 
42 |41 |41.5| Lower Yegua Eoc Ss | Por | 14 A Wy Mt. Selman 6,394 
9 |21 |21.5| Mirando Eoe Ss | Por | 11 ML 41 | Mt. Selman 5,525 
# 31 20 {20 Whitsett Koc Ss | Por | 19 ML 14 | Yegua 3,396 
17| 48 |47 |47.4| Cockfield Eoc Ss | Por| 8 ML 6 | Cockfield ; 3,202 
18| 23 |21 {21.5} Upper Jackson Koc Ss | Por | 10 ML | — 21 | Cook Mountain 3,502 
19 z 
i 20 A 1 | Cook Mountain 4,695 
oie tee ale iaey anit ioe SS pe 6 A 0 | Cook Mountain 4,695 
34 5 33 33 eae ee Foo Ss | Por | 10 A 7 | Cook Mountain 4,695 
ov. Wells 1 
; 8 
Behe | Diboll Eoc Ss | Por| y ML 16] 2 x 
3 3 i 3 MoBiroy Eoc Ss | Por | 10 ML 32 | Yegua 3,040 
92.5/21.5/22 | Whitsett Koc Ss | Por | 20 ve 16 || Jackson 2,524 
@ (33:3 23, |23 | Gov. Wells Boe Ss | Por | 20 | MF er 
23| 43 |43 |43 | Cockfield Koc $s |-Por | 12 | ML 4| Yegua ; 
24 Z P 
Ss | P 4 ML 0 | Frio 2,379 
31 Ba’ 31 es One Ss Por 14 ML 6 Frio 2,379 
30 |30 \30 | Frio Olig Ss | Por| 6 | ML 1 Frio 2:379 
See ee ee De 
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TABLE 1.—(Continued) 
Area Proved, Acres Total Oil Production, Bbl. 
S 
es 
i Daily 
Vield, County = peed 
& ; To End of | Duri During 
3) Oil | Gas | Total | ~°y937 1936" 1937, | during 
3 2 Nov. 
g A 1937 
s o 
Zz ca 
2 Py 
i § f 
25) Escobas, Zapata...................+-+- 8] 3,330 340) 3,670 6,857,928 646,899 645,959 1,900 
26] Ezzell, McMullen-Live Oak.............. 0| 1,850 80} 1,930 83,075 0 83,075 912 
27] Ezzell Ranch, McMullen............... 0 0 10 10 Gas 
28] Government Wells, Duval 
NOrth gcse ese ae ee 9| 4,680 400} 5,080 3,761,256 9,363 
{Sone BS eee, | 9| 2:700| 2,040| 4,740 } 34,060,489 | 5,810,076 { 11925,483 | 4/888 
POta i coantiatroceea ee tase 9| 7,380} 2,440) 9,820) 34,060,489 | 5,810,076] 5,686,739 | 14,251 
29] Guerra (Cuevitas), Starr................ 4; 400) 400 800 569,076 154,942 185,678 546 
OOl Hayden; Sarno sea ee em ieee 1 20 20 Gas Gas 
31) Henne-Winch-Farriss, Jim Hogg......... 13} 720) 440) 1,160) 3,206,290 1,126 2,379 5 
62) Hoffman, Duval s,s ...ccatiasa ott aa doee 4) 1,250) 320} 1,570 915,939 281,580 628,873 2,206 
33] South Hoffman, Dural................. 0 10 0 10 Included in Hoffman 
S41 Tonacio Duval... st, seb a eere 4 10 10 20 
35] Jacob,2 McMullen..................... 11} 1,230 80} 1,310 1,041,846 242,282 248,846 632 
36] Jennings, Zapata...... 2.2.0.2... 0.05. 23) 400) 1,716] 2,116 252,985 760 
Si ssillam, Wenders saat hese st eae 0) 1,200 80} 1,280 159,245 0 159,245 828 
OS) Kohler? Dial pee aes eaten oa eer 11 330} 8,090} 8,420 574,394 45,986 65,607 186 
39] Labbe, Duval 
2400 Th. Randle yo vaiacecahor sees 3 0} 2,560) 2,560 Gas Gas Gas 
2800-2900 ft. sand................. 0} 330) 160 490 72,118 72,118 339 
Rota eae siren otecc 3 330} 2,720] 3,050 72,118 Gas 72,118 339 
40| Las Animas, Jim Hogg................. 0 10 70 3004 3004 0 
43) Lanvel, Webb.) 2 nos oii ea abe eat 5 220} 320 540 673,604 10,728 7,232 11 
42| Leaseholders, Webb..................2. 15 10 20 30 25,000 0 0 0 
43) Loma Alta, McMullen.................. 2 20 0 20 64,633 28,381 23,480 56 
44] Loma Novia, Duval.................... 3} 7,410 270) 7,680) 12,069,696 | 4,846,921 6,440,131 | 16,147 
45] Loma Vista, Duval................0.... 1 10 0 10 11,374 5,425 5,949 7 
46] Lopena, Zapata................0....... 3 0} 1,040} 1,040 Gas Gas Gas Gas 
47| Lopez, Webb-Duval 2) 4,260/ 240) 4,500| 4,506,638 | 1,373,029 3,070,872 7,667 
48 Olmoes Sarr eset nets see 12 175 175 350 523,355 55,943 153 125 
49} Lundell, Duval...............cceeeeees 0} 260 40 300 27,236 0 27,236 184 
50| Martinez, Zapata...................... 9 0} 850 850 Gas Gas Gas 
51] Mirando City, Webb................... 16} 1,430) 500} 1,930) 8,734,572 143,362 140,523 383 
52] Mirando Valley, Zapata............... 16} 140) 200 340 643,087 10,047 9,579 21 
BS Moca Weblst, wacinn seca tetra 5 80 20 100 736,231 147,426 139,748 260 
54) Oilton, Webb 
LOO TH sarid tg ai vevnw eae hae 0} 1,420 60] 1,480 111,549 0 111,549 1,127 
2400 1, Band x gosh isha aka eee 0 0 20 20 Gas 
Potala ackruate kon ets 0} 1,420 80] 1,500 111,549 0 111,549 1,127 
55) Palangana, Duval ...3.¢.05..00.00cveecs 9 50 0 50 9,846 0 0 
DaKieh seine towiecctur tena cies 40 40 Gas 


2 Includes North Jacob. 


3 Includes North Kohler. 
4 Production on tests. 
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TABLE 1.—(Continued) 


ae eee | LO redone) po 
il Produc- 
. Pres- 
Total Gas Production,’ Millions Cu. Ft. | Number of Oil and/or Gas Wells Depth, Aver- Methods sure, 
age in Feet abiBnd of Lb. per 
1937 | Sa- In. 
During| At End of 1937 ates 
i=] 
E 
Same 
To End | During | During 2 6 
.. | of 1937 | 1936 1937 tanh a 3 Initial 
4 a 8 3\2 o ws 2 2 
3 eS |B) SE glgsig] diaz (22 | |g 
EPI Beg ple | 30| 5 as 55.4 apie a a 
2 wigs | 82) & |3)] 8) 22)\ =| 22 Se8|See| 8 | 8 
5 S45 (88) 5 S/S|£o f[E*| 88/888) 2 | ac 
: 1,050)1,020 
95| 13,715 | 1,292 1,290 | 3.8 | 414] 123| o| 53| 285] 0| 285 | 1308 ia 0| 285 
1'600|1,485 
26 83 0 83 | 0.91 | 55| 55| o| Oo} 51] 4] 55] 1,550|1,490 3| 48 
27 1} 1/1] 6| 0| 0} 0} 1;200|1,185 
G3,845 |G11.7 12] o| 8] 468] 5] 473 1,575|1,550 20 
4, i ; 448 
34.000 | 5810 | {G3'033 Gost | 819 {713) 0) s| 264| | ari sper { 72| 258 
34,060 | 5,810 | G5,878 |cus gi9|  17| o| 16| 732| 12) 744, | 32| 700 
29 2,055|2,047 400 
995 271 a7ss |ci.9 | 20) 3/0] 1| 13] 1| 14 ee Poe 13] 0 
30 1) 1/0] 1} 0} of 0} 1'308|1,305 550 
31| 6,412 2.2 4.61 0.03 | 181] | 0] of 1) 0| 4] 2,100/1,944 o| 1 
2'570|2,550 
32) 95 og1 | Gi,228 | G4 126| 73| 0| 10) 104} 5] 109| 42\757/2,749+| 81] 23 
2'895|2,865 
33 1} 1/1) 0| | o| 0} 2,688/2,670 6| 0 
34 2} 01 0| 0| oo} o| of 2,126/2,115 o| 0 
790| 780 
35| 1,041 242 248 | 0.7 | 115} 13| 0| 0| 94| 0| 94/4 975 920 0} 89 
1,070)1,050 0| 5 
36 qi2ss |a3.5 | 92| 11] 0} 8) so] 4] aj {12001 S05h | 5] 75 
37| 318 0 318 | 1.6 | 64| 64 0| 0| Go| 4| 64) 2,035/1,940 | 12] 48 225 
1/850/1,748 
38| 1,148 90 | G1,751 | GS ga} gi o| 4] 14) 24 38) 2 2'500|2,438 6| 8 
a, 2'800|2,613 
G480 | G1.3 5| ol ol 1] o| 4| 4] 2,460/2,453 890 
144 144 | 07 | 22] 22| 0| of 18] 4] 22] 2,900|2,800 8| 10 260 
144 Gee4 | G2 27| 22/0 1| 18] 8| 26 8| 10 
40 4| -4| ol o| 1] 3] 4|_ 1,828|1,782 1} 0 200 
366| 360 
41] 1,247 20 cas | ai.2 | 33] 0] 0 1) 11) 2) 13] 21,777/1,770 
2'975|21244 o| 11 
42 50 0 a | 3} ol 0} o| oo} 0| 0} 1,085/1,049 o| 0 
43 64.6] 28.8 93.41 0.07| 2| of 0} of 2] 0] 2] 2,207|2,195 o| 2 50 
44) 12,069 | 4,846 | G6,482 |G20.9 | 758| 83/ 0) 34] 719| 5| 724 13000 tt} 133| 586 
45 22.6, 10.8 11.81 0.1 11 ol o| o| 1] of 1) 2,929/2,914 o| 1 
46 3,130 | 8.7 | 13} 3| of Of 0] 13) 13] 2,170/2,147 925 
47| 9,013 | 2,746 6140 | 14.3 | 360| 96) 0| 20| 344) 0] 344] 2,144|2,126 | 165] 179 760 
48| 1,046 111 Gio9 | Gos | ©89/ 1/0 9} 74] 1) 75) . 694| 371 o| 74 120 
49 54 0 54 | 0.5 | 13| 13} 0} O| 12) 1| 13] 1,530|1,513 9| 3 640 
50 esi | 1:8 | 20| 0} 0| 0| | 20, 20 1,927(1,921 620 
51] 17,469 | 286 298 | G0.75| 205] 1| 7| 0] 91] 3] 92] {LOSSY | ol 91 
52| 1,286 20 G37 | Go.09| 49/ of 9| o| 9] 4| 10) 1,423/1,416 o| 9 
53) 736 147 139 | 0.45 | 12/ | 0} o| 10] 0} 10) 910) 9 0} 10 
222 0 cosa | G2.5 | 74] 74| of of 71] 3] 74] + 1,948/1,914 | 21) 50 300 
ii ilo] o| o| 1| 1) 2,435|2,407 850 
222 0 a2 | 2.5 | 75| 75/0) 0) 7] 4) 75) | ai} 50 
55 5| 0/0) oF 9) OF 0 {ora 2,730 0 ot ve 
56 11 ol ol of oo} o| of 932] 915 700 
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Deepest Zone Tested to 
° End of 1937 
S 
Es Depth 
ps Name Hol 
Sie ami ole, 
Ons Ft. 
‘> ° pe 
3 (82> 
e [eg2 
Bac 
ML 
Mt 103 | Yegua 3,500 
MAL OH Red 3,108 
ua , 
ML 1 Joneon 1,285 
MF 
Mr 78 | Mt. Selman 5,858 
MF | 
MU | 18 | Cookfield 3,600 
M 0 | Frio 1,444 
MF 60 | Yegua 3,546 
ML 
ML 43 | Cockfield 3,605 
ML 
ML 4 | Cockfield 3,514 
ML 14 | Caddell 3,101 
ML : 
Mut 59 | Cook Mountain 3,171 
ML 
at 23 | Reklaw 4,645 
ML 6 | Cockfield 2,657 
ML 
Mt 44 | Carrizo 7,723 
ML 
ML 7| Yegua 4,054 
ML 1| Yegua 4,054 
8 
A 1| Yegua 3,808 
MF 
Met 29 | Mt. Selman 3,165 
MF 
ML 36 | Yegua 3,034 
MF 6 | Cockfield 2,766 
tp 47 | Cook Mountain 4,200 
M 9 | Cook Mountain 4,732 
A 3| Mt. Selman 3,502 
ML 19 | Upper Saline Bayou | 3,437 
MF 66 | McElroy 2,612 
MF 3 | Jackson 2,698 
ML 15 | Yegua 3,514 
Mit 69 | Reklaw 5,000 
ML 71 | Cook Mountain 3,660 
MF 5 | Upper Saline Bayou | 2,178 
ML 5 | Yegua 3,000 
ML : Yegua 3,000 
DS 75 
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TABLE 1.—(Continued) 
Character of Oil, ; 
Approx. Aver- Producing Rock 
age during 1937 
Gravity A.P.I. 
at 60° F. 
o 
Name Ages lon 
5 & 
4 gig r ae 
aor) < ° 
Se eae 3| 2 |2? 
2 |e | (a8 £| 8 |&s 
r=| a a's oA 
a | 2/3 By a pa 
20 |20 |20 | McElroy Eoe Ss | Por} 6 
25] <22 |20.5/21 | McElroy Eoe Por | 14 
22 |21 |21 | McElroy Eoe Ss | Por| 7 
26} 20 /19.5/19.7/ Loma Novia Eoc § Por | 11 
27 Gas Gov. Wells Eoc Por | 15 
28 
Gas Cole ; Eoc Ss | Por | 17 
24 |22 |23 | Gov. Wells ; Eoc Ss | Por | 19 
26 |25 |26 | Loma Novia: Eoc Ss | Por | 11 
a9 | §32 [82 |32 | McElroy Eoc Ss | Por| 8 
35 (34 [34.8] McElroy Eoe Ss | Por | 23 
30 Gas Frio Olig Ss |} Por| 3 
31| 22 |20.521 | Hockleygnsis Eoc Ss | Por | 16 
23 |23 |23 | Hockleyensis Eoc Ss | Por | 20 
32/424 |22.523 | Gov..Wells Eoc Ss | Por| 8 
27.5|27 |27.1} Loma Novia Eoc Ss | Por | 30 
33} 27 |27 |27 | Hockleyensis Eoc Ss | Por | 18 
34] 22 |22 |22 | Upper Gov. Wells Eoe Ss | Por | 11 
Gas Mirando Eoe Ss | Por} 8 
35/421 |20 |20.5/ Pettus Eoc Ss | Por} 7 
21.5/20.5/21 | Cockfield Eoc Ss | Por} 8 
36] f23 |j21 [22 | McElroy Eoc Ss | Por | 48 
23/23 |23 | Jackson-Yegua Koc Ss | Por | 23 
37| 22.5/22 |22 | Mirando Eoc Ss | Por | 12 
22 |21 /21.5] Cole Eoc Ss | Por} 12 
38 iB 22 |22.5] Gov. Wells Eoc Ss | Por | 12 
: 24 |21 /21.6] Mirando Eoe Ss | Por | 29 
9 
Gas Hockleyensis Eoc Ss | Por| 7 
27.5|26 |27 ma Novia Eoe Ss | Por | 19 
40| 22 |22 |22 | Cole Eoc Ss | Por | 22 
Gas Frio Olig Ss | Por| 6 
41 Gas Mirando Eoc Ss | Por} 6 
49.548 49 | Cockfield Eoo Ss | Por| 7 
42) 22 |22 |22 | McElroy Eoc Ss | Por} 6 
43] 21 |21 {21 Chernosky_ Koc Ss |} Por | 12 
44 { 27 |25 |26 | Loma Novia Koe Ss | Por | 25 
23 22 |22.5) Mirando _ Eoc Ss | Por | 15 
45] 26 26 |26 | Loma Novia Koc Ss | Por} 714 
46 Gas Queen City Eoc Ss | Por | 23 
47| 23 |21.5:22 | Mirando Eoc Ss | Por | 18 
48} 19 |18 {18.5] Frio Olig Ss | Por | 17 
49) 22 21 (21 | Cole , Koe Ss | Por | 10 
50 Gas Hockleyensis Eoe Ss | Por] 6 
bt 7 21 (21.5) Hockleyensis Koc Ss | Por | 10 
46 |44.5/45 | Cockfield Koc Ss | Por | 10 
52} 22 |20.5/21 | Hockleyensis Eoc Ss | Por| 7 
a 22 {21 |21 | McElroy Eoc Ss | Por | 10 
23 |21.5/22 | Mirando Hoc Ss | Por | 29 
Gas Cockfield Eoe Ss | Por | 28 
55 re 16 {16 | Catahoula Olig L | Cav| 5 
45 a 45 | Jackson Koc Ps Por | 14 


Cook Mountain 


1 
56 yas Frio Olig Por | 17 MF 2 | Caddell 3,620 


5,454 


ere ee 
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a 


M. T. HALBOUTY 565 


Extension to 3rd Sand.—Lonnie Glasscock’s A. Farias No. 4 extended 
the Pettus or ‘‘ Navarro” sand production 4700 ft. east when ‘it encoun- 
tered a sand section at 5358 to 5368 ft., and was completed as an oil 
producer in December. The test is important because it greatly extended 
the producing area in the deeper sand. 


TaBLE 1.—(Continued) 


Area Proved, Acres Total Oil Production, Bbl. 
3 
Ce 
Field, County na Daily 
E To End of | Duri pare cg 
S| ‘ o End o} uring uring age 
5 FV Se igo (ks at MT 1936 1937 | during 
2 2 Nov. 
5 3 1937 
z al 
2 & 
S| <{ 
FIC LOLS UME ove sperercltairiaie sie: 4.<co- stolen ss 4 5 250) 1,400} 1,650 90,874 18,962 66,479 161 
BSIPPEV Obey cd VN OG irecs ve Wb votes ogo sieve oe aye 5 0 20 20 Gas 
59| Piedre Lumbre, Duval..............-..- 2 640 200 840 507,283 199,731 299,838 916 
60| Pietras Pintas, Duval.................-- 32 120 0 120 150,622 3,049 7,444 69 
61| Rancho Solo, Duval é 
1800 ft. sand............ : 200 100 300 16,744 Gas 16,744 38 
9500. ft. sand.....-:n0-.-. : 0 20 20 Gas Gas 
Total Nec cate ac tase betes afr ‘ 200 120 320 16,744 Gas 16,744 38 
62| Randado, Jim Hogg 765 435) 1,200} 4,465,779 113,508 100,245 272 
63| Reiser, Webb.............--05- P 20) 1,270} 1,290 4,000 0 0 0 
64| Rhode, McMullen...........-- oad 0| 640 640 Gas Gas Gas Gas 
Ds RICAN: POEGI Eos tie clete eat Poletesole levels eresel este) 20 0 20 5,299 0 5,299 7 
66| Rio Grande City, Starr é 140 0 140 319,982 83,373 82,102 127 
GT MIROTA, JOLQITS as stor eiellevsivs'* + F 
QOOPEGE RANG. wrap icays te ccrs <atiorer ee 0| 280 280 Gas 
3500 ft. sand 20 0 20 16,193 956 911 1 
Total 20 280 300 16,193 956 911 1 
68 Sam Fordyce, Starr-Hidalgo............. 3) 1,500! 900} 2,400] 5,226,764 | 1,775,792} 2,015,646 4,191 
69| North Sam Fordyce, Starr ae 0 10 7,528 0 7,528 26 
70| Santo Domingo, Starr..........- E 20 20 Gas 
71| Sarnosa, Duval,.........-.+++-+ 180 870 1,834,764 319,965 304,216 765 
72| Seven Sisters, Duval..........-.-.+-++5+ 
TOO be SANG cre aces vucle aa 0 10 713 0 713 0 
9100-2200 ft:sand):..0...-2-\.0.- se 40 180 256,271 129,600 115,544 296 
AOD Mt BALIC wy. yercoptier eves estes) oh 40| 3,770} 4,964,274 1,770,229} 3,078,509 7,808 
DG6OO mt SaDd One Nereksterretereiveks ovea >= 34 20 360 373,955 92,435 281,520 774 
DHOOM t SADE py Wteeie re oieta ls iy Sier i 21 20 180 132,480 0 132,480 363 
SOT ANE Aca caer toot © « Sere 120) 4,500 5,727,693 1,992,264} 3,608,766 9,236 
73| South Seven eter 2 DUNG eta ee ta 
1500 ft. sand. . ery sono nt rea Na, 20 0 20 8,138 0 8,138 23 
OBOO Mb SADC: peeartonte seein eas 0 40 0 40 21,314 0 21,314 46 
KRotealte seeatst taxa ortiet orate. i6 aveiaene's 0 60 0 60 29,452 0 29,452 69 
AIRE Crsp DULOGU sais oye satan as aise) et <loinitis | aia Faie 7 80 0 80 203,371 3,847 0 0 
75| Sweden, Dutral.........-0-eeeseeeseees 
OOO Et Band. sacks oe rc my rie ete 0 20 0 20 3,680 0 3,680 20 
BlOO ft sand.7 yeasts ase eve «er 0 0 20 20 Gas 0 
BAOO fbn sand teach ceeriaes tates eras 0 100 40 140 49,108 : 0 49,108 200 
LVS 10 Oe eee eco ea a 0 120 60 180 52,788 0 52,788 220 
76| Thomas-Lockhart, Dural...........---- 0} 100 0 100} _ 11,990 0 11,990 94 
“ONE Arba) te ion sey oananD GAPE Oe 5 0} 120 120 Gas 
78| Wentz, McMullen..........++-+++-+++- 6 0 80 80 Gas 
OI WOOCS, SHON a. aces vcmle 4 evict eines 2 0} 120 120 Gas 
80| Wray, Zapata........--2--+- eee er eeee 4 0 80 80 Gas 
EP OCA e cartel ete mt INS aie obi tenaras sta 32157, 975) 45,344] 103,319] 118,892,757 21,003,758] 29,533,280 


(Due to elevation. 
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4th Sand.—Woodley Petroleum Company’s No, 1 Vaello, 5000 ft. 
east of the discovery well, was completed in a sand approximately 130 ft. 
structurally above the ‘‘Gravis” sand at 4798 to 4811 ft., to prove 
production in this fourth producing level for Benavides. The lower sands 
carried salt water. The total depth of the well is 6007 feet. 


TABLE 1.—(Continued) 


LS Ls 
10n 
Total Gas Production,’ Millions Cu. Ft. | Number of Oil and/or Gas Wells fay Ne Methods go 
a md oO! ? 
1937 | 4- In¢ 
Durin Number of 
1937 - At End of 1937 Wells 
a 
z 
To End | During uring a sti 
. | of 1937 | 1936 1937 v |se a 3 Initia 
4 5B |e2l ze [sl el» wisé |.2 
g gS | 32) 3 2) 5) 82/8) 2 Serta bo 
A “a 2s] @ |8| §|ssls 3 Aik a5 : ee | 
- ses |x| S [E| Seclsias|segiessl =| = 
Es ae Bs 5 |8| 3| 25] 2 On,| SSE] of :§| S& E 
ra = O™M15 alae] eat as & & | a 
1,760) 1,750 
57 G2i4_| Go.56| 17; 4/0] 1) 7] 1) | 42°451/9'431 750 
2'635|2,610 70 
58 11 ol0 0} 0| 0} 2,204/2'904 
1:331/1/324 500 
59-807 199 G7s2 | G2.2| 66] 23] o| 0] 53/ 6| 59] 41'974 1,962} ines 
2'139|2'133 400 
60} 301 7 14.8] 0.2] 25, 0) of of 2} of 2} {68 te | 8 OT 500 
61 
33.5 33.5] 0.3] 10/ 90} 5} 4! 1| 5] 1,838i1,826 4} 0 
0 0 1} 0/0) 0} | of oO} 2'569/2'555 800 
33.5 29-51 "0. 8 1 gt OF aha al ah 8 4} 0 
62| 8,931 227 200 0.5| 191] 0) 4} 4} 104) 0} 104! 1,275/1,295 0| 104 
63 18} 0/01 of of o| oo} 1o10\ 3 o| 0 
64 260 0.7| 6 3/0] o| of 6| 6) a'saal1.si0 650 
65 10 0 10 0.05} 2} 2a} of a] of 4 ate 1,312 ae 175 
66] 639 166 164 0.25] 30| 0} 2! 2} 24] 0| 24! -1'450/1'350 0| 24 
67 
4} 010] of oo} o| of 200) 192 
32 1} 0/0} O| 1] 0} $1) 3,566/3,560 lees 
32 5} 010] o| 1] o 
2,753|2,737 400 
68} 5,226 | 1,775 | G2,555 | G5.6) 198] 17| 0| 3] 184| 11] 195] 42'853)2'8316| 137) 47 |) 1,050 
3,074|2,950 1250 
69 7.5 0 7.5} 0.02} 1) 1/0} of 1) of 1) -3\o39lo'905 1] 0 460 
70 1) 0} 0] 1} 0} of oo} 2'616\2'461 1,050 
71] 1,834 320 G340 | GO.8| 56} 7/1) 5] 50! 0| 50) 2'419/9'350 0| 50 
2 
14 0 1.4| 0.04} 1) 1/0} of 4] of | 4,720/1,710 ar) 225 
256 129 115 0.58] 14) 2) of 1) 13] 0} 13| 2'295/2"119 8| 5 
4,964 | 1,770. | G3,258 8.3 | 374] 36] 0| 3| 342] 1] 343] 2'485|9'470 | 178] 164 625 
373 92 G461 | G12] 35} 20] 0| 1} 34] 1] 35] 2'690l2'660 | 20 44 200 
132 0 132 0.36] 16] 16/ 0| 0| 16) 0} 16] 2'565/2'540 | 14| 9 
7a| 5726-4) 1,001 3,967.4] 10.4 440| 75] 0| 5| 406| 2/ 408 221! 185 
16 0 16 0.12 1] 1/0! of 4] of 4) 1,586/1,580 o} 1 
42 0 42 0.24 2] 2] 0} o| 2] of 2] a'esel2'e46 0| 2 
58 0 58 0.36, 3) 3/0 of 3] of 3 o| 3 
74) 406 7.6 0 0 6} 0/0] Oo} oO} o| of 1,740/1,731 0o| 0 
7.2 0 7.2} 0.04 1) 10} of 4 of 4) 5091/5072 1] 0 
1} 1/0} 1] Of of} ol 5:116/5'100 300 
98.3 0 98.3] 0.4/ 7 7 ol} of 5] 2] 7| sisegls'e45 a} 0 710 
105.5 0 105.5] .0.44, 9/ gol 1] 6] 2] 8 6| 0 
76 23.9 0 23.9] 0.21) 4) 4/0} of 4] o| 4! 4,672/4,689 4} 0 | 1,450 
7 3] 0/0 0} 0] 0} of _1'66411'657 375 
78 3} of 0} of of of ol ‘38a ’370 200 
79 4, 010 o| of o| of 9751 963 460 
80 3| of 0} o| ol o| oO} 3701 348 150 
6,693/1,181/63|229|4,580|313|4,893 1,227| 3,353 
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5th Sand.—Standard of Kansas’ Walstead No. 2 found a possible 


producing sand when it found hard rock at 3903 to 3906 ft., gas sand at 


3906 to 3913 ft. and gas and oil sand at 3916 to 3921 ft. 
test showed 150 ft. of oil at 390 lb. pressure in six minutes. 


ahead, salt-water sand was found at 3921 to 3925 ft. 


TaBLE 1.—(Continued) 


A drill-stem 
Coring 
This well was later 


Line Number 
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Character of Oil, 
Approx. Aver- 


Producing Rock 


Deepest Zone Tested to 


age during 1937 End of 1937 
Gravity A.P.I. 
at 60° F. 
5 
= 
4 gs ae 
Name Agef ge Es a Name Hole, 
or} 
E Sibir c fare beg fe es he 
3 g 3S 2] > |8 & £ |5ss 
4 8 \es 3 B/E] 3 8 ee 
R |e hese 3 a 13 Piles as a 
pal || babes iS a ie & )Zc7F 
Gas Cole Eoe Ss | Por} 5 | ML 
Gas Gov. Wells Ecce Ss | Por | 20 | ML 8 | Yegua 3,309 
23.5|22.5|23 | Mirando Eoc Ss | Por | 15 | ML 
Gas Gov. Wells Eoo Ss | Por | 70 ML 2 | Cockfield 3,210 
Gas Cole Eoc Ss | Por| 7 | ML 
21 |20 |20.5) Gov. Wells Eoc Ss | Por | 12 | ML 7| Yegua 3,250 
28° 122° 122°5 Tome. hes ae 4 Por ss My 
13 |13 |13 | Catahoula ig s or 
is 42 |47 | Hockleyensis Koc Ss | Por | 26 Ds} 36 | Yegua 4,502 
22) 121 1.5} Cole Eoc Ss | Por | 12 ML 0| Yegua 3,777 
Gas ‘ Gov. Wells Koc Ss | Por | 14 ML 2| Yegua 3,777 
21 20.5] Whitsett Eoc Ss | Por| 9 MF 49 | Mt. Selman 5,222 
Gerad 18 ° Jackson Koc Ss | Por | 15 ML 54| Mt. Selman 3,247 
Gas Cole Eoc Ss | Por | 12 MF 4| Yegua 3,356 
24 |24 |24 | Frio Olig Ss | Por} 5 | ML 3 | Frio 2.011 
30 |30 |30 | Frio Olig Ss | Por] 7 | ML D 
28 |27 127.3] Frio Olig Ss | Por| 8 M 46 | Jackson 3,258 
Frio-Jackson Olig-Eoc | Ss | Por] 8 A Reklaw 4,827 
35 36.135 Queen City Boe Ss | Por| 6 At , {Reklaw 4,827 
Fri Olig | Ss] Por} 16 | A ; 
35 23.5 34 Frio Olig Ss | Por| 22 | A 35 | Vicksburg 5,395 
25 |24 |24.5] Frio Olig Ss | Por | 20 A : a 
23 |23 |23 | Frio Olig Ss | Por | -35 A 0 | Frio 3, 
Gas Frio Olig Ss | Por |155a A 3 | Jackson 4,003 
22.5|21.5|22 | Hockleyensis Eoc Ss | Por | 40 | MF 22 | Yegua 4,073 
Eoc Ss | Por | 10 | MF Lower Saline Bayou | 4,404 
a a a 5 ee Eoc Ss | Por} 20 | MF Lower Saline Bayou | 4,404 
23.5|22 |23 | Gov. Wells Koc Ss | Por | 15 | MF . 38 | < Lower Saline Bayou | 4,404 
27.5|26.5|27 | Loma Novia Koc Ss | Por | 15 | MF Lower Saline Bayou | 4,404 
93 |23 |23 | Mirando Eoc Ss | Por | 10 | MF Lower Saline Bayou | 4,404 
i Olig Ss | Por| 7 | MF 0 | Loma Novia 2,665 
7 a 7 lana Novia Eoe Ss | Por| 10 | MF i Loma Novia 2,665 
21 20.8| McElroy Koc Ss | Por] 9 MF 5 | Jackson 2,331 
. Well Eo Ss | Por} 19 | MF 0 | Cook Mountain 6,531 
us re I ee ae Walls Foe Ss | Por | 16 MF 0 | Cook Mountain 6,531 
58 |58 |58 | Cockfield Eoe Ss | Por | 24 | MF 2 Cook Mountain 6,531 
57 |56 is Pettus oe Ss BY - va 4 es ee ees 
Oc or 7 
en Waitt Koc Ss | Por | 12 N 8 | Jackson 1,654 
Gas Frio Olig Ss | Por.| 12 A 3 | Jackson 3,360 
Gas Jackson Koc Ss | Por | 22 ML , a Yegua 2,000 
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completed in the ‘‘Gravis”’ sand.as an oil producer. This 3900-ft. level 
is the Cole sand of Jackson age, and was developed as a producing level 
by the completion of the Circle Oil Company’s Merle West No. 1-A as a 
gasser during the last week in December. 

First Twin Producer.—In mid-September, in the completion of Gravis 
and Doran’s V. Puig No. 5, Benavides had its first twin producer, 760 ft. 
east of the discovery and 50 ft.’east of Puig: No. 4. The test completed 
in the ‘“Gravis”’ sand at 4790 to 4799 ft. and flowed 4 bbl. per hour 


TABLE 2.—Summary of Drilling Operations in South Texas 


Important Wildcats Drilled in 1937 


Total < 
c Surface Deepest Horizon 
County Well Name and Location eg Rariaation Tested 
1 Southland Life No. 1 A. Poquita Grant 5869 Goliad Cockfield _ 
2 Smith Corkill No. 2 Section 498 2780 Catahoula Hockleyensis 
3 V. Puig Tract A. Garcia Heirs Grant 4766 Goliad Jackson 
4 Parr Tract Valentine Survey 4672 Goliad Pettus (Cockfield) 
5 Southland-Life No. 2 S. Flores Grant 5939 Goliad Cockfield 
6 Faris No. 1-A S. Flores Grant 4804 | Goliad Jackson 
7 Puig No. 1 S. Andres Grant 4800 Goliad Jackson 
8 .| Labbe No. 2 Section No. 1 3249 Oakville Jackson 
9 Lundell No. 1 Section 140 1520 Catahoula Cole (Jackson) 
10 Lundell No. 2 Section 140 1528 Catahoula Cole (Jackson) 
11 F. G. Wilson No.1 Blk 9S. FloresGrant| 4775 Goliad Jackson 
12 .| A. Parr No, 1 San Andres Grant 4747 | Goliad Jackson 
13 ..| Rossi No. 1 Sec. 11 S. Flores Grant 6179 Goliad Yegua 
14 .| F. V. Puig No. 1 San Andres Grant 6006 Goliad Yegua 
15 R. V. DePuig No, 1 Section 8 5437 Goliad Upper Cockfield 
16 Southland Life No. 1 A. Poquita Grant 4775 | Goliad Jackson 
17 F. V. Puig No. 12 San Andres Grant 4801 Goliad Jackson 
18 Miller No. 2 A. Poquita Grant 5866 Goliad Cockfield 
19 Peters No. 1 Section 32 _ 1898 | Goliad Jackson 
20 G. Rodriguez No. 2 Section 212 2818 Oakville Jackson 
21 Peters No. 2 Survey No. 38 2742 Catahoula Jackson 
22 Rodriguez No. 1 Survey 212 ; 2657 | Oakville Jackson 
23 Rodriguez No. 2 Survey 212 2665 Oakville Jackson 
24 Warden & Draught No. 3 Survey 151 1533 Frio Jackson 
25 Hayden No. 1 Blk. 4 Survey 47 1444 | Catahoula Frio 
26 Yturria No. 1 Porcion 100 3039 | Goliad Frio 
27 Ricaby No. 1 Porcion 83 1400 Goliad Frio 
28 B. D, Wood Estate No. 1 Porcion 84 1754 | Goliad Basal Frio 
29 Rigaby No. 3 Porcion 83 1611 | Goliad Frio 
30 | Green No. 1 Blk 5 Porcion 81° 4620 | Catahoula Cook Mountain 
31 ’.| Slick-Estate No. 1 Section 485 5607 Goliad Jackson. 
32 | Starr Co. Cattle No. 1-A Porcion 89 5640 Goliad Cockfield 
33 C. P. Wardner No. 2 Porcion 84 508 Goliad Catahoula 
34 ..| Valadez No. 1 Porcion 84 1873 Goliad Basal Frio 
35 .| Laurel Bros. No. 1 Survey 333 2038 Goliad Jackson 
36 M. G. Martin No, 1 Survey 458 1943 Goliad Jackson 
37 Laurel Bros, No. 1 Survey 1006 1930 Goliad Jackson 
38 ..| Garaa Estate No. 2 Section 48 2110 | Catahoula Jackson 
39 ..| Garcia No. 7 Section 786 2009 | Goliad Jackson 
40 ..| A. M. Bruni No. 50 Blk. 10 Sec 8 3431 | Goliad Lower Yegua 
41 .| Garcia & Villareal No. 1 Sec 338 2525 Goliad Rosenburg (Cockfield) 
42 M. G. Martin No. 2 Survey 458 1927 Goliad Jackson 


43 | McMullen..,........ 
44 | MeMullen........... 
45 | McMullen........... 


Ezzell No. 1 T. Adams oN 1285 Undiff’t’d Jackson| Jackson 
Jacob Corp No. 2 B—GH & HR Survey] 1074 Undiff’t'd Jackson| Pettus (Cockfield) 
Claunch-Tract No. 1 M. Hely Survey 1058 Undiff’t’d Jackson Hockleyensis 


46 | McMullen........... Ezzell No. 3 Section 3 Adams Survey 5301 Undiff’t'd Jackson| Carrizo 

47 | MeMullen........... Ezzell No. 4 Russell Survey 1534 | Catahoula Loma Novia 
48 | Jim Hogg........... R. Holbein No. 1 B Las Animas Grant 1789 Goliad Cole (Jackson) 
49 | Jim Hogg........... R. Holbein No, 1 A Las Animas Grant 3808 Goliad Yegua 

BOW Zap ates eeetnter aan J. Garcia No. 1 B Share 3 1054 Undiff’t’d Jackson} McElroy 


ee 
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Important Wildcats Drilled in 1937 


Initial Production Pressure, Lb. 
per Day Choke per Sq. In.¢ 
4 or Bean, 
Drilled by G in Frac- Remarks 
Oil, Millions tions of 
vee Wigiie\tos Inch | Casing | Tubing 
3 Et. 

1| Hiawatha Oil Co. 500 542 1200 710 | Discovery Sweden field 

2 | Argo Oil Co, 130 A 450 350 | Discovery South Hoffman 

3 | Frank Gravis 1250 lg 950 750 | Discovery North Sweden (Benavides) 

4 bers Est.—Lockhart 125 5 3g 1750 1450 | Discovery Thomas-Lockhart field 

5 | Hiawatha Oil Co. 15 1g 1300 1500 | N. E. extension Sweden 

6 | Russ Petroleum Co. 450 4g 780 700 | N. W. extension Benavides 

7 | Parr Oil Co. 375 Y 800 450 | 34-mile ext. Benavides 

8 | Magnolia Pet. Co. 35 36 200 75 | Discovery oil production in Labbe 

9 | Gov. Wells Co. 11 38 640 640 | Discovery Lundell field 
10 | Goy. Wells Co. 320 38 375 110 | Discovery oil production Lundell 
11 | Reynosa Oil Co. 750 540 1020 525 | Extension Benavides 
12 | Std. of Kansas 530 542 750 425 | Discovery Parr sand Benavides 
13 | Navarro Oil Co. 150 14 250 125 | Discovery Cockfield production 

Benavides 

14 | Woodley Pet. Co. 200 1564 610 350 | Extension Benavides 
15| V. L. Blanchard 325 542 1075 450 | 114-mile extension Benavides 
16 | Std. of Kansas 460 Ke . 750 500 | South extension Benavides 
17 | Parr & Delaney 500 4 300 650 | N. E. extension Benavides 

18 | Hiawatha Oil Co. 50 5 lg 800 500 |S. W. extension Sweden 

19 | Cox & Hamon 50 4 300 150 | 114-mile extension Rancho Solo 
20 | Sun Oil Co. 450 \% 710 210 | 1 mile S. W. extension Labbe 
21 | Gier & Kone 26 a3 300 375 | N. W. extension Peters field 
22) A. J. Brinkoeter 100 3% 150 100 | Discovery South Seven Sisters 
23 | A. J. Brinkoeter 75 38 150 100 | Extension South Seven Sisters 
24] N. V. Duncan 120 44 320 120 | Extension, new sand, Charamousca 
25 | Howard Bass 5 546 550 350 | Discovery Hayden gas field 
26 | Graham & Wood 350 38 600 400 | Discovery North Sam Fordyce 
27) Moss & Heard 100 4g 250 175 | Discovery Ricaby field 
28 | G. E. Dodd 850 46 150 200 | Discovery El Tanque field | 
29 | Moss & Heard 90 Ho 425 235 | Discovery 1600-ft. sand, Ricaby 
30 | J. H. Clopton 5 1g 425 425 | Discovery Clopton-Green 
31] Davenport & Transwestern Dry hole showings at D. D. Ranch 
32 | K. E. Merren 800 14-549 | 2350 2200 ee Cockfield production—Bar- 

: acoas 

33 | C. Wood 2 1 A 150 160 | Discovery 400-ft. sand Hl Tanque 
34 | Dean Brothers 30 Y 250 175 | Discovery 1800-ft. sand 
35| O. W. Killam 192 44 300 225 | Discovery Killam field 
36 | J. R. B. Moore 120 \Y 400 300 | Discovery Oilton field 
37 | J. B. Blanchard 20 1 \Yy 400 325 | South extension Oilton 
38 | E. J. Pearl 3 1g 300 375 | N. E. extension Carolina-Texas 
39 | O. W. Killam 126 % 450 300 | South extension Killam 
40 | O. W. Killam 450 346 850 650 | Discovery East Bruni field 
41 | Moore & Meaders 12 16 850 850 | Extension Oilton 1 mile north 
42 | Gypsy Oil Co. 253 V4 400 250 | West extension Oilton 
43 | E. M. Jones 2 38 430 470 | Discovery Hzzell Ranch gas field 
44 | Loma Oil Co. 50 44 175 75 | Discovery 1000-ft. production Jacob 
45 | L. J. Synder et al. 75 Y 125 25 | Discovery oil South Calliham 
46 | E. M. Jones 75 10 \% 800 500 | Deepest test South Calliham 
47 | E. M. Jones 480 Y 310 85 | Discovery Ezzell oil field 
48 | Darby Pet. Co. 20 oP) 300 200 | Discovery Las Animas field 
49 | Darby Pet. Co. 12 1g 400 300 | N. E. extension Las Animas 
50 | Matthews & Calloway 50 44 125 25 | Extension Escobas oil in gas area 


Number of wells drilling Dec. 31, 1937 
Number of oil wells completed during 1937 
Number of gas wells completed during 1937 

nes holes completed during 1937 


Number of 


In Proven Fields Wildcats 
76 27 
1094 35 
87 20 
254 228 
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TaBLE 3.—Wells Drilled to 5000 Feet and Below during 1937 
County Field Company and Well Depehs Tee Results 
Duvalle Statens Wildcat Hiawatha Oil Co. 7005 Cook Mt. Dry hole 
Southland No. 3 : , 
Duval .| Wildeat V. L. Blanchard 5437 | Cockfield Oil production 
R. V. DePuig No. 1 
Duavaleioct. thee Wildcat Penn-Palagana Oil Co. 6165 | Yegua Dry hole 
C. K. Gravis No. 1 
Duval. 5 suc coeds Wildcat H. J. Porter 6012 Cockfield Dry hole 
C. D. Sevier No. 1 
Dayal vices ewe Wildcat Porter, Talbot, & Dorn 5676 | Cockfield Dry hole 
Montmayer No. 1 : > 
Duyalsiiceoe eee Wildcat Hiawatha Oil Co. 5869 | Cockfield Oil production 
Southland No. 1 ; ; 
Duval’s.. ee an Sweden Hiawatha Oil Co. 5896 | Cockfield Oil production 
Herberger No. 1 
Duval .| Wildcat H. F. Grimm 5005 Cockfield Dry hole 
E. Mew No. 1 
Duval .| Wildeat Hiawatha Oil Co. 5939 | Cockfield Gasser 
Southland No. 2 ; f 
Duval .| Sweden Hiawatha Oil Co. 5914 Cockfield Oil production 
Herberger No. 2 
Duvalsee re. overs Wildcat V. Viteri 6636 | Cook Mt. Dry hole 
. E. Cadena No. 1 2 s 
Duval .| Wildcat Navarro Oil Co. 6179 Yegua Oil production 
E. M. Rossi No. 1 
Duval .| Wildcat Tex-Canadian Oil Co. 5503 | Cockfield Dry hole 
M. J. Luby No. 1 . 
Duval ..| Sweden Hiawatha Oil Co. 5866 | Cockfield Oil production 
M. M. Miller No. 2 
Duval .| Sweden King Drilling Co. 6531 Yegua Dry hole 
A. Parr No. 1 ¢ ; 
Duvalle aaa Benavides | Woodley Petroleum Co. 6006 | Yegua Oil production 
F. V. Puig No. 1 : . 
Duval .| Benavides | Russ Petroleum Co. 5377 | Cockfield Oil production 
A. Farias No. 8 
Duvalwcev ee Benavides | Sun Oil Company 5672 | Cockfield Dry hole 
Barton Est. No. 1 : s 
Duvalessc 5 aa oo Sweden Hiawatha-Oskness 5887 Cockfield Oil production 
Miller No. 1 
Drivaly. cares Benavides | Russ Petroleum Co. 5370 | Cockfield Gasser 
Rossi No. 2-a ve 
Duvalaee renee Benavides Moder Cope Co. 5374 | Cockfield Oil production 
. West No. 
Divalent eh ese Sweden Hiawatha Oil Co. 5934 | Cockfield Gasser with oil 
Miller No. 3 
PaVals ote ee) ate Benavides | Circle Oil Co. 5370 | Cockfield Oil production 
M. West No. 1 
Duval .| Thomas- | Taylor Refining Co. 5162 | Cockfield Oil and gas 
Lockhart Parr No. 1 
Duval Benavides | Frank Gravis 6018 | Yegua Dry 
V. Puig No. l-a 
Duval .| Thomas- | Lockhart — 5502 Cook Mt. Dry hole 
Lockhart | Rogers No. 
Duval c.coes ees Benavides BY pews Oil é Ref. Co. 5393 | Cockfield Oil production 
oyer N 
Duval .| Benavides ayer Oi Go. 5339 | Cockfield Oil production 
est No. 
McMullen.......... Wildcat E. M. Jones 5301 Carrizo Gasser 
‘ H. Ezzell No. 3 
Starrs... sce... oss sl Wildont, F. Davenport 5607 Jackson Dry 
Sligk-Urschel-Stick No. 1 
Starr .| Barbacoas | K. E. Merren 5381 | Yegua Dry 
Starr Co. Cattle No. 1 
Starr rane cee ores Barbacoas| K. E. Merren 5640 | Yegua Oil production 
: Starr Co. Cattle No. 1-A 
Starr Wildcat 7ece renee Oil Co. 5883 | Jackson Dry 
ic 0. 
Webbaya rites. cme Wildcat Wilcox Oil & Gas 5750 | Mt. Selman | Dry 
: Puig Bros. No. 1 
Webbs icarrcakore Wildcat ee Oil & Gas 5355 | Mt. Selman | Dry 
; D. B. Dunbar No. 1 
WEDD sete anon ev auras Wildcat — W, Killam 5245 | Mt. Selman | Dry 
ee 
Wiebbiceiv ncn coe reck Wildcat Aerie ante Co. 6015 | Mt. Selman | Dry 
arr 
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through 349-in. choke with 450 lb. tubing pressure and 400 Ib. casing 


pressure. 


Puig No. 4 made 28 bbl. in 6 hr. through 34¢-in. choke at 


4739 to 4750 ft. in the “Parr,” or upper, sand. With five producing levels 
already proven in the Benavides field, and only one considered to be an 
edge sand, it is interesting to observe that it is locally possible for a 


TaBLe 4.—Total Number of Wells Drilled in South Texas Fields during 
1937, by Counties 


* Gas field. 
+ There were also 20 oil wells, and 1 dry 
field, and 11 oil wells, 3 gas wells and 6 dry 
Fordyce field. 


‘ Field Oil |Gas| Dry Field Oil |Gas| Dry 
Douvat County 
STaRR CouNTY 
Benavides (N. Sweden)......... 119] 5 1 
@haramousa@sis.. ots. 8 le eee 16} O Aw Barbacoas ince bce ere co ae ok 1; 0 3 
olimenia tyes. cs eis chines sects 19) 8 ~ W*Clopton-Green...5. 2.1.1... -05 oOo; 1 0 
ConocoDriscoll hte: ons oe 8) 0 OM |Guevitss. se nemet me pie alaaniee 3; 0 0 
Loy) Lei ods Sino co Go oe 0| Oo Oy SIU Pan Guaeioeat, ere te a a hs 10} 1 7 
WB) Mesquitew...s.s ssc cee ees 0} 0 Obe HEaydencaeecnes eee iet rae thee OLagek 0 
Government Wells (North and ossOlm os merticte Anite hee bee oOo} 1 5 
South) eeeen ge eae rote 16)) 1 SPO RICHDY water etic versvenin ates ecb PAb (0) 3 
PERO FIN AINE mis y aioe cere eee a a5 een F2\a 10) WRio ‘Grande’ City 20.5 o4.4 ane ns 0| oO 5 
OTIRCIO: ace ttoterestre 8s ee o| Oo Oar EVM RET eee ea ea tans. 6 eee ew Re 0; O 1 
HeOHLone ene cell nk caret ew ee as 5, 3 5 Sam ord yCehncn, at) « cei-vatel gous 3} 0 0 
WC hon nr ib6d Boman de ote 18) 4 1 |North Sam Fordyce............ 1; 0 0 
oma Novia. .....-.-.>---:--- 79| 4 13. \*Santo, Domingo... ...).- 2.j0004- 0; Oo 0 
WiOmIA VASbA:. Sob ante suerte eos ste Oo; O Sire TP W.GOGBiocttery o) 2-4 uuans eros 0} Oo 0 
ones OS See ee ne Oe 45) 5 4 et 
MRINCL OEE ce Peta 8s fo tah Sco iw ay eroie. scons LZ ad 2 OGRA: cyetrarcictcy due erm emec oaks 20) 4 24 
Oy Hern (Cole). cus ehen cite was 231 20 6 ° 
pplangans Ee See eS aes tiehe 0; Oo 0 
Se tates ath sais) Ste ie aoe ans Or 0 0 
PE BELONG cl Mere teae sicceessseneielace stots Ll O43 i Wise i OeNet 
Sy pte ee REA arora ae (0) 0 
fedre: Lambre .2 6.5 oss sass os 22) 1 2 
Rancho Solo... 000.2002. 0s. SOO ner ts Mere cap ous) bt 
SIA TIOS Sere sora ose one trate itm chcs cea adh 0 Otel Caroline Texastateene iin: OW et 1 
Seven Sisters................-- @3\ 2 11 |Bruni.... 6] 1 
South Seven Sisters............ 3) 0 Le RasteBs ante aes 14 a 14 
South Hoffmans......5....0-%.- 1} O 4 Oe ee Ney Aas 44| 0 8 
a @arctare levi rasissereueis eras corra cie o| Oo 0 iCole (2300 ft. sand)............ Olan 0 
MI WECEMGr ck nis race ete Giees 2 CTT arte ee ee ee 60| 4 6 
Thomas-Lockhart....-......-..- 4) 0 Fil | Pierce ere eT ee o| oO 0 
CE Oe Cah Gag ee aa ey Oe Oe ah st 
Mirando Citys 2062 sss qennss e i a 
OCH ict tonieea testes cbt ea Reiahs 
Pe eeu Oilkone aay ee tekas Past dees Zl o, 40 eS 
: Reinetiyc 5 usiss | a ol ie oe 0; Oo 0 
PAU VOLUME ats tee ac euonasiwcern spoilt = Oo; 2 Sy, |\WesteColeten here sat cee Olt 3 
Wolopad Om nh orks Hite eels ehue ete (0) ne) 1 —_|——_ 
Henne-Winch-Farriss..........- 0| Oo 1 MOtalenas al ct ee aE NaE teh ce 239) 15 44 
EAR PATININAS Es atbe ic cyan te ole ore “s reer iN tines} il 
PP SMObO serie el creve mies ei sienoketye ie 0; oO 0 
PANG aMO MA ete cieiets ecels nsteisielons tos 0} Oo 3 Zapata County 
MDVD sli ee teretcie tote rsioe se saisse-Sos0-eue es lie 5 9 
oe OE Ee Sees 3 gees eC 6 ; 
BAUTING sees ere Salento 
McMutuan County Charco Redondo............... 7| O 1 
GUN ith aera coal er tance oes 61) 1 14 
Gallihamicprctents set oso chieptieor (hee SMO USGODAS oc. feat aia aer sce sant Mel) <r ni 122) 1 28 
Grombher once yusee ae os 0; O heel enMmin geste) a cmb reek yee ces + oats Dy y 
OPAL chad bishs iG nisl eaten ores nore 31) 4 2 \*Lopeno.s..05 2... e eee ees 0; 3 2 
*BHzzel Ranch............+--++-- QO} 1 Pos Martinez, recs cgcuctes oo cor >< 0; oO 1 
AGO Ne te CID naan Tawa ea 8} O 5 Mirando Valley..........-...-+ 0; Oo 0 
OMA Ata ce aie cartier -feudbO arias se oO; O 1 \Cuellar....... ibe coe uae oeals 0| 3 4 
North Jacobi sem «ike ere oor 5] 0 GralkSValla eerie gees stkhe cicrscn wo 0} Oo 0 
Mad owe teas oye are nactclatayalate 0] 3 : ANWR eae ltteer enone ce IE 0; O 1 
South Calliham:....2......0.. 4, 2 —|—— 
*Wentz Fe.c Seay Ache ype eS 0; O 0 Motaliter te cin Pe eaarace sie tue 191) 8 52 
UOTE ke oat no conto 0 IDR Caac ox Oey Oa 55| 10 | 22 | Grand total for 19377........ 84 


hole completed in the Live Oak County portion of Ezzell 
holes completed in the Hidalgo County portion of Sam 
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‘“‘four-well”’ drilling program to be adapted to each drilling unit or 
10 acres. 

Limits of Field to Northeast—Limits of Benavides field production 
were defined to the northeast by Sun Oil Company’s F. S. Barton No. 1, 
a northeasterly outpost that drilled to 5672 ft. in lower Cockfield and was 
abandoned. It showed no odor in a sandy section at 4794 to 4804 ft., 
salt water at 4934 to 4956 ft. and again at 50101% to 502614 ft. This 
test is supposed to be about 100 ft. lower structurally than the west 
outpost, indicating a cross fault at this point, which may extend in a 
northeasterly direction and be a definite limit to the field. 

Thus defined to the northeast, search for Pettus sand production in 
Benavides will probably be centered around the western and eastern 
portions of the producing area. Several wells have been completed at 
this level on the western side of the field. As a result, it now appears 
that this sand gives promise of being rather an important zone. This 
field continues to be the most active in the Mirando district, with a series 
of offset and twin wells drilled to the several sands already proven. The 
producing area has been widened to include several thousands of acres. 
The field proper continues its development to the west, southwest and 
southeast, with outpost wells finding the sands sufficiently high to indicate 
that the area will be further widened in those directions. 

Summary.—Since discovery there have been 119 oil wells, 5 gas wells 
and 1 dry hole completed in the Benavides field. 


Thomas-Lockhart Field 


Discovery.—On April 18, No. 1 Parr, belonging to Thomas Estate and 
Lockhart Bros., 18 miles north of Benavides, was completed as an oil 
producer and discovered the so-called Thomas-Lockhart field when it 
flowed 5 bbl. of 58° gravity oil per hour through 3¢-in. choke from upper 
Pettus sand at 4659 to 4672 feet. 

Summary.—Since discovery four oil wells and five dry holes have 
been completed in the Thomas-Lockhart field. 


Lundell Gas and Oil Field 


Discovery —On June 15, Government Wells Company’s Lundell 
No. | discovered the Lundell field when it came in as an 11,000,000-cu. ft. 
gasser spraying several barrels of oil per day through 34-in. choke at 
640 Ib. working pressure. Cole sand was topped at 1513 ft., the first 
2 ft. being hard gas cap and the next 5 ft. good gas and oil sand. Total 
depth was 1520 ft. with casing set at 1513 ft. This well is 114 miles 
west of Government Wells field proper, but is looked upon as an entirely 
new discovery and, further, lines up a new trend of Cole-sand production, 
being on trend with Colmena field, to the southwest, from which oil and 
gas are produced from the same Cole horizon, and with Piedre Lumbre 
field, several miles to the northeast, which produces gas in this horizon. 
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Lundell No. 2, drilled 1200 ft. southeast of No. 1, later proved 
up oil production with a flow of 23 bbl. per hour from sand at 1518 to 
1528 feet. 

Summary.—Since discovery there have been 12 oil wells, 1 gas well 
and 2 dry holes completed in the Lundell field. 


South Hoffman Field 


Discovery.—Argo Oil and John Clopton’s Smith Corkhill No. 2 was 
completed March 2, pumping 130 bbl. of fluid on a 24-hr. test to open 
this pool from sand logged at 2670 to 2688 ft. This formation is just 
above upper Government Wells sand and is probably a stray sand, as the 
later unsuccessful wells drilled seemed to substantiate, since the Corkhill 
No. 2 was the only oil or gas well in this sand. A lower Government 
Wells sand at 2775 to 2780 ft. also failed to produce. 


South Seven Sisters Field 


Discovery.—An area to the south and west of the Seven Sisters field 
was discovered as being productive when the A. J. Burkoeter’s Rodriguez 
No. 1 made 4 bbl. of oil per hour from 10 ft. of sand at 2646 to 2656 ft. in 
the Loma Novia zone. This test was about one mile from the Seven 
Sisters production and is between that field and the Loma Novia field. 
Several dry holes were drilled in the past between this new discovery 
and the Seven Sisters field which proves the area to be a separate one 
from the Seven Sisters. This discovery was made in April. 

2nd Sand.—On May 28, A. J. Burkoeter’s Rodriguez No. 3 produced 
oil from the Frio sand from 1559 to 1566 ft., which opened a new sand 
in the South Seven Sisters field. In the Seven Sisters field this same sand 
showed gas. The Frio is about 200 ft. above the top of the Jackson and 
this discovery opens a vast area for exploration as possible shore-line 
production. Several wells in this general vicinity showed oil in fair 
quantities in this horizon 5 or 6 years ago; however, completions were 
unsuccessful. The Frio has produced both oil and gas in the Driscoll 
field about 25 miles due south, also in the Mount Lucas field in Live Oak 
County, and Sandia field in Jim Wells County, which are about 35 miles 
to the northeast of this new find. However, neither of these fields is as 
high updip as this new producer. 

_ Summary.—Since discovery three oil wells and one dry hole have been 
completed in the South Seven Sisters field. 


New Oil Sands in Existing Fields 


Labbe Field.—Oil production in the Labbe field was finally found in 
the Loma Novia sand when Magnolia Petroleum Company’s A. L. Labbe 
No. 2 was completed on Feb. 4 as a pumper, making 35 bbl. of 27° gravity 
oil per day from 2900-ft. sand. This discovery is 114 miles northeast 


of the Labbe gas production. 
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Humble Oil & Refining Company’s Roos Bros. No. 1 provided a 
\4-mile northwest extension to this sand when it produced 50 bbl. of 
oil per day on pump; also the Sun Oil Company’s Rodriguez No. 2 cored 
sand at 2799 to 2818 ft., set casing at 2800 ft. and flowed 65 bbl. of fluid 
on a 5-hr. test through }¢-in. choke, registering 260 lb. tubing pressure 
and 710 lb. casing pressure. This is an extension of more than one mile 
southwest to the Magnolia’s Labbe No. 2 well. 

Seven Sisters Field—Two new oil sands were found in the old Seven 
Sisters field—the Mirando, discovered on March 10 by the Humble Oil & 
Refining Company’s Dowdy Fee No. 5, when it was completed for 11 bbl. 
of oil per hour, 6 per cent salt water, through 3¢-in. choke, in sand at 
2558 to 2565 ft. Gas sand was found at 2556 to 2558 ft. This is the 


Mirando sand of lower McElroy age. This well is on the northwest . 


side of Seven Sisters field and is the fourth sand for the field. The sand 
appears to follow a northeast-southwest trend along the western side of 
the field, just as the Loma Novia sand does on the eastern side 
of the structure. 

The second sand discovered is the Cole sand, found at 1710 to 1720 ft. 
by the Wellington Oil Company’s J. F. Welder Heirs No. 8-D, on the 
extreme west side of the Seven Sisters field. This well was completed 
as a producer and flowed 195 bbl. per day. 

Sand and Extension for Charamousca.—On Feb. 14, N. V. Duncan’s 
Warden & Draught No. 3 discovered production in the Mirando sand 
from 1527 to 1533 ft., which opened a new producing horizon in the 
Mirando zone west of the Charamousca field, which was discovered last 
year. This discovery is in the extreme northwestern portion of Duval 
County, about 14 mile west of the original Charamousca discovery. 
These two areas produce at about the same depth from the surface of the 
ground, but structurally the Duncan well is about 100 ft. deeper. The 
Charamousca discovery had a thin sand lens and produced oil for a short 
period. More than 50 ft. of sand was logged in a near-by well in the sand 
level at which the Duncan well is producing. This established another 
trend of production at a shallow level in this field, in which 16 oil pro- 
ducers and 4 dry holes were completed during 1937. 

Hoffman Field.—A new sand about 100 ft. shallower than the regular 
Government Wells sand was discovered in December when Cox & 
Hamon’s Cuellar Bros. No. 2 pumped 100 bbl. of oil per day through 
perforations at 2550 to 2570 ft. This well failed to produce in the Loma 
Novia sand at 2807 ft. and was plugged back to this upper sand. 


Extensions to Established Areas 


Rancho Solo Field——On Oct. 11, Cox & Hamon’s W. R. Peters No. 1 
extended the Rancho Solo field 114 miles northeast when it was completed 
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for 2 bbl. of crude per hour, with considerable gas, from the Cole sand at 
1826 to 1838 feet. 


Jim Hoaae County 


Las Animas Field 


Discovery.—Darby Petroleum Company’s Holbein No. 1-B was 
completed as a gasser in the Cole sand at 1782!4 to 1788 ft. This 
production is on a rather large structure. Offset, No. 1-A Holbein, 
northeast of discovery, found the Cole sand 15 ft. higher than No. 1-B at 
1765 to 1782 ft. This pool is 5 miles east of Henne, Winch & Farriss 
field, 14 miles west of Hebbronville, and is on strike with production in 
the Cole O’Hern district of Duval and Webb Counties. 

Oil was found in this same Cole sand by Darby Petroleum Company’s 
Holbein No. 2-B, which cored gas sand at 1806 to 1812 ft. and oil sand 
from 1812 to 1828 ft. On completion it flowed 106 bbl. in 12 hours. 

Summary.—Since discovery one oil well, three gas wells and one dry 
hole have been completed in the Las Animas field. 


McMuvtuen County 


Ezzell Ranch 


Discovery —E. M. Jones’ Ezzell No. 1, completed in March, dis- 
covered a gas sand on the Ezzell Ranch when it was completed as a 
gasser in the Government Wells sand. Total depth was 1285 ft., where 
it topped the Mirando sand, which showed salt water. This gasser 
later blew out and was killed and is not now producing. One other well 
was drilled in the area and was abandoned as dry. No other completions 
have been made, and at present only the abandoned gas well remains as 
evidence of a possibility of future production. 


Ezzell Field 


Discovery—E. M. Jones’ Ezzell No. 4 opened the Ezzell field in June 
from the Loma Novia sand at 1523 to 1533 ft. The nearest Loma Novia 
sand production is in Labbe and Seven Sisters fields, Duval County, 
which are 35 miles southwest of this new discovery. Ezzell Ranch gas 
field is 2 miles north of this discovery. 

Harry Ezzell’s Fee No. 7-A, completed in November, flowed 1027 
bbl. of oil in 24 hr. through open tubing in sand at 1489 to 1500 ft. This 
being on the northwest side of the producing area, it indicates that tests 
on the top of the structure will be comparatively large flowing wells. 

This field was carried into Live Oak County by R. P. Holland’s No. 1 
Matkin, 34 mile northeast of the KH. M. Jones production in the field 
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proper. Sands were found at 1485 to 1489 and 1496 to 1501 ft. This 
well made 180 bbl. daily on pump. 

Summary.—Since discovery 31 oil wells, 4 gas wells and 2 dry holes 
have been completed in the Ezzell field, McMullen County, and 20 oil 
wells and 1 dry hole in the Ezzell field in Live Oak County. 


New Sands in Existing Fields 


South Calliham Field.—On May 4, about 4000 ft. west of South Calli- 
ham gas field, Snyder et al. Claunch No. 1 was completed for 75 bbl. of 
oil from Government Wells sand at 1052 to 1058 ft. This established oil 
production in an area that heretofore produced gas. 

Edwin M. Jones’ Harry Ezzell No. 3 drilled to 5301 ft., plugged back 
and completed at 1230 to 1236 ft. for 10,000,000 cu. ft. of gas on May 24, 
to discover the Loma Novia gas-producing sand in South Calliham. 


STARR CouNTY 


Hayden Gas Field 


Discovery.—In January Howard Bass’ Hayden et al. No. 1 opened a 
new shallow gas area 5 miles northeast of Rio Grande City in Starr 
County. Production of several million cubic feet of gas was from sand at 
1305 to 1308 ft. The well was drilled to 1444 ft. and plugged back to the 
upper portion of the Rio Grande City sand, which is in the Frio forma- 
tion. This is the only test in this field to date. 


Ricaby Field 


Discovery.—Moss & Heard’s 8. B. Ricaby No. 1, completed in Feb- 
ruary, opened the Ricaby field from Frio sand at 1312 to 1317 ft. This 
area is 4 miles northeast of the Rio Grande City field. 

2nd Sand.—A second sand at 1604 to 1611 ft. was found by Ricaby 
No. 3, an oil producer, one mile east of No. 1. The 1300-ft. sand pro- 
duced only in the discovery. 

Summary.—Since discovery two oil wells and three dry holes have 
been completed in the Ricaby field. 


El Tanque (S. Ricaby) Field 


Discovery.—D. E. Dodd Trustee’s D. B. Wood Estate No. 1 flowed 
at the rate of 12 to 15 bbl. of 31° gravity oil per hour through 34¢-in. 
choke at 1739 to 1754 ft. from Frio to discover the El Tanque field, on 
May 25. This is 4 miles northeast and 114 miles southeast of Rio 
Grande City and 114 miles southeast of the Ricaby shallow field. 

2nd Sand.—Gas sand was found in October in Catahoula at 425 to 
429 ft., by C. Wood’s Wardner Trustee No. 2. 
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3rd Sand.—In November, Dean Bros. M. Valadez No. 1 pumped 
20 bbl. of oil daily after finding production in Frio sand at 1868 to 
1872 feet. 
Summary.—Since discovery 10 oil wells, 1 gas well and 7 dry holes have 
been completed in the El Tanque field. 


Clopton-Green 


Discovery.—Clopton & Reeds’ Green No. 1 came in as a gasser at 
1604 to 1614 ft. in Cole sandin May. Ricaby and El Tanque (8. Ricaby) 
align with Clopton-Green to form a northwest-southeast trend. The 
Green well is in the Jackson formation and Ricaby and El Tanque fields 
are producing from the lower Frio. Indications of faulting between 
fields are evident. This test, the only one in this field to date, was shut 
down shortly after it was brought in. 


North Sam Fordyce Field 


Discovery —Graham & Woods’ Yturria No. 1 opened the North Sam 
Fordyce field in the lower Frio formation from a sand at 2995 to 3039 ft. 
The well flowed 350 bbl. per day of 23° gravity oil through a 3g-in. choke. 
This has been the only productive well to date in this field, which is 
approximately 3000 ft. northwest of the Sam Fordyce field proper. 


New Sands in Existing Fields 


New Sam Fordyce Sand.—A new producing horizon for Sam Fordyce 
was opened in March by Henshaw Bros. in EK. F. de Flores No. 1 at the 
north end of the field. The well was drilled to 4140 ft. and plugged back 
to 3110 ft., perforated at 3064 to 3074 ft. in Frio sand and made a gasser 
with 1250 lb. closed-in. pressure. This sand is 100 ft. deeper than the 
deepest producing level in the field at the time. 

New Sand for Barbacoas—K. E. Merren’s Starr County Cattle 
Company’s No. 1-A discovered Yegua (Cockfield) sand production in 
Barbacoas field in June, when it flowed 396 bbl. of 58° gravity amber 
colored fluid on a 24-hr. gauge through chokes ranging from 9 to 
549 in., under tubing pressure of 2200 lb. and 2350 lb. casing pressure. 
The total depth was 5418 ft. and perforations were at 5376 to 5398 ft. 
Heretofore, all oil had been from the Catahoula and Frio. This well 
later sanded up and was then deepened and recompleted in sand logged 
at 5417 to 5427 ft.; total depth, 5640 ft. 


Wess CouNTY 
Killam Field 


Discovery.—O. W. Killam’s Laurel Bros. No. 1 flowed 192 bbl. of 
Mirando type crude on April 20, to discover the Killam pool. Sand was 
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found at 2031 to 2036 ft., casing set at 2026 ft. This test was drilled 
in the vicinity of several failures and is lower structurally than wells that 
showed both oil and water in Mirando sand but apparently in a different 
lens. Like the Lopez field, along the same trend, Killam, with its shallow 
sand, low-cost operation, even sand conditions and high recovery, has 
proved itself important. This field is 2 miles northeast of Oilton and 
2 miles east of Laurel field, which produces in a lower Jackson sand. 

Summary.—Since discovery, 60 oil wells, 4 gas wells and 6 dry holes 
have been completed in Killam field. 


Oulton Field 


Discovery.—J. R. B. Moore’s Martin No. 1 flowed 5 bbl. of Mirando 
grade crude per hour at 1943 ft. to discover, in August, the important 
Oilton field, which, at that time, was rated as a major 314-mile southwest 
extension to Killam. This test found broken Mirando sand at 1914 to 
1935 ft. and a good sand from 1935 to 1943 feet. Together with Killam, 
this field forms a producing area approximately 5 miles long. 

2nd Sand.—Moore & Meaders’ Garcia & Villareal No. 1, one mile 
north of Oilton field, established production during December in the 
“Rosenburg,” or Cockfield, sand, when it flowed 12,000,000 cu. ft. of 
gas and showed 850 lb. pressure. The production was from perforations 
at 2430 to 2435 ft. The top of the sand was at 2407 feet. 

Summary.—Since discovery 71 oil wells, 4 gas wells and 5 dry holes 
have been completed in Oilton field. 


East Bruni Field 


Discovery.—O. W. Killam opened the East Bruni field when his 
A. M. Bruni No. 50 was completed in Yegua sand at 3431 ft. This 
was thought to be an extension to the regular Bruni field, but it is regarded 
as a new field, although production in both fields is obtained from the 
same sand. 


Summary.—Since discovery 14 oil wells have been completed in the 
Kast Bruni field. 


Extension to Established Areas 


Carolina-Texas.—E. J. Pearl’s la Garza No. 2 cored oil sand -at 
2100 to 2107 ft. and came in as a gasser producing 3,000,000 cu. ft., 
2 miles northeast of Carolina-Texas field. A sand previously had been 
cored at 1966 to 1972 ft., which carried odor of oil and salt water. Itison 
trend with the Lopez field. 


ZAPATA County 


Extensions to Established Areas 


Escobas Field.—The Escobas field was given an extension in Matthews 
Drilling Company and Earl Calloway’s No. 1-B Justina Garcia, which 
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was completed as an oil producer from the McElroy (Government Wells) 
sand at 1054 ft. This sand formerly had produced only gas. 


SUMMARY 


The developments in South Texas for the year 1937 can besummarized 
as follows: There were 17 new field discoveries, of which 14 have produced 
oil and 3 have produced only gas. These three gas fields, Hayden, 
Ezzell Ranch and Clopton-Green, have been shut in during the year, 
each having had one producer. One oil discovery, the South Hoffman 
field, with one producer, has also been shut down. 

New sand discoveries in existing fields totaled 9 (1 in Labbe field, 2 in 
Seven Sisters field, 1 in Charamousca field and 1 in Hoffman field, all 
in Duval County; 2 in South Calliham field, McMullen County; 1 in 
Sam Fordyce field, Starr County; and 1 in the Barbacoas field, Starr 
County). There were many extensions to old and new fields by wells that 
were regarded as wildcats but that extended the productive area. There 
were 38 such productive wildcats, and from this number 10 were com- 
pleted as extensions to the new Benavides field. In all 283 wildcat tests 
were drilled in South Texas in 1937, of which 35 produced oil, 20 were 
completed as gas wells and 228 were abandoned as dry holes. 

There were 1094 oil wells, 87 gas wells and 254 dry holes completed in 
South Texas fields during the year; including 11 oil wells, 3 gas wells and 
6 dry holes drilled in the Hidalgo County portion of Sam Fordyee field, 
and 20 oil wells and 1 dry hole completed in the Live Oak County portion 
of the Ezzell field (see Table 4). 

The production of oil during the year, according to prorated allowable, 
totaled 29,533,280 bbl. against the 1936 production figure of 21,003,758 
bbl., an increase of 8,529,522 bbl. 

The outlook for 1938 is much more promising for an increase in 
activity than the outlook at the beginning of 1937. Wildcat wells con- 
tinue to hold the spotlight and many will be drilled for new sands in old 
fields as well as on new blocks. Geophysical work is being conducted by 
many companies over the entire area, mostly with gravity apparatus. 
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West Texas Oil Developments in 1937 
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(New York Meeting, February, 1938) 


West Trxas was the scene of greatly increased oil activity during 
1937, producing 75,743,000 bbl. in that year as compared with 61,901,- 
000 bbl.? in 1936, an increase of 22.36 per cent. The annual total of 
wells completed increased from 1586? in 1936 to 28062 in 1937, an increase 
of 76.92 per cent. Of the total completions in 1937, 2464 were oil wells,? 
11 gas wells? and 331 dry holes.2. The marked increase in the number of 
oil wells completed in West Texas during 1937 had a substantial effect 
upon the daily average production per well, which decreased 20.84 per 
cent from December 1936, when a total of 5310 wells? produced 5,236,467 
bbl.* for an average of 31.81 bbl. per well per day to December 1937, 
when 7571 wells? with a total production of 5,910,257 bbl.? averaged 
25.18 bbl. per well per day. 

Drilling blocks and checkerboard acreage were being acquired fol- 
lowing geophysical work in the northern end of the Permian Basin area, 
composed of Bailey, Cochran, Hockley, Yoakum and Terry Counties, 
presaging extension of active development northward. During 1937, at 
one time 30 geophysical crews were working in West Texas, and an 
average of 15 to 20 crews was active in this area throughout the year. 


DISCOVERIES 


Wasson-Denver Field.—Wasson-Denver field in Gaines and Yoakum 
Counties was the outstanding field discovery of the year. Production 
is from porous limestone found at about 5000 ft., and an average well is 
good for from 300 to 500 bbl. of crude oil per day through 34-in. choke. 
The discovery well was drilled by A. G. Carter and others on the Wasson 
Ranch, Gaines County, and the field has since been extended into Yoakum 
County. At the year’s end 21 wells had been completed, producing 
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TABLE 1.—Ouil and Gas Production in West Texas 
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a Footnotes to column hexds and explanation of symbols are given on page 313. 
i for production 5520 acres; 2920 acre 


2 Sand Hills field: producing 640 acres; proven for production 890 acres; 1210 acres 


1 Means field: producing 2800 acres; proven 


3 Abandoned Feb. 1, 1937 account depleted state of production. 
4 Includes Davidson-Cole, Cummins, Scharbauer and Goldsmith. 


5 Total to end of 1936 only. 


Area Proved, Acres Total Oil Production, Bbl. 
County, Field 
Oil F 
Oil and | Gas | Total || Lo Bnd of During 
oa 1937 1936 
te 
a 2 & 
q q ea 
= See 
a ae) 
o SS 
1 | Andrews: Deep Rock (Walker Furman.)..... vi 2,500 0° C| 2,500 1,497,328 389,003 
2 (Einar We ee cree os eta teaev tiara 0 40 0 0 40 y y 
3 Mleanistnw corny etuisns oe vheai sein rexel 3 | 10,5201 0 0} 10,520! 1,484,105y 456,509 
; bs eee aid 25 SRLS EO Ca CCR RSCOatD : a 0 160 " 13,957 
hPa aD US LANs eed AIG cles fey yen 6 0} 640 33,04 ’ 
6 | Crane-Upton: Church-Fields-McElroy- ae tet 
13,500 0 0} 13,500 104,905,687 4,491,732 
7 2,7402 0 0} 2,7402 545,054y 93,093 
8 160 0 0 160 117,765 14,721 
9 360 0 120 480 3,842 3,779 
10 2,000 0 0| 2,000 5,965,506 390,024 
11 160 0 0 160 7 0 
12 40 0 0 40 2,039 0 
13 1,500 0 40| 1,540 778,067 93,093 
14 y y y y 2,166,279 
15 LOSI 52 a Gin cp ociuecadan {eee hOOaG0E 2 5,120 y y| 5,120 939,794 107,773 
16 ApOleten the FP ete cctena Sen ik Rt ets «Bina 3 | 20,000+ | 20,000+ 0! 20,000 3,800,189 429,316 
u ive MARE DOT Ho <ia,nk ce arg Ce tie a bw aleceee ae ee a 4 5,200 0 0| 5,200 356,712 35,187 
18 Bandreth-Johnson, . os... <-cee sees 3 3 40 0 0 x 38,375 10,279 
19 | Ector-Crane: Penn-Jordan-Waddell.......... 10 | 16,000 0 500| 16,500 18,881,692 2,922,779 
20 | Gaines: Landreth-Kirk................--.+- 1 x £ ie z 0 0 
21 ‘ PomiiIngietes te O6t eastside sans es ce 1 2,560 2,560 640) 3,200 28,053 1,361 
22 | Gaines-Yoakum: Wasson-Denver.........--- 1 y y y y 189,973 0 
93 | Garza: Emerald (Garza)...........-+-.+--+- 13 320 0 0} 320 76,310 18,304 
Glasscock-Howard: Chalk Roberts............ 
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25 ATOO-RUM DAY oh cai Otiiae south ctoa ne 4,000 0 0} 4,000 11,104,482 650,000z 
26 O200-fte payne eerie eters sate tiie aoe 8,000 0 0} 8,000 31,105,722 3,907 ,000x 
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28 -8000-ft. pay... .. 2.2... eee eee eee 4,000 0 0| 4,000 21,056,002 1,100,0002 
29 | Glasscock: Dodson-Duffy:.....-...--+.-+++> 160 0 0} «160 024 0 
30 Hockley: Slaughter............--+++-+- y y y y 10,275 0 
31 | Howard: Iatan-Denman.... 6,500 0 0} 6,500 7,773,560 2,291,054 
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39 IPEGOSEV GLOVE iM crrtiee tia steamer 1,800 0 80] 1,880 809,080 137,371 
40 (Pryorsiuiohardsrmesiat tien vera s 160 0 0) 160 27,229 1,200 
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41 Sandee ieee. irae son cr 450y 0 0) 450y 493,291y 15,000y 
42 Lime. 9 1,160 0 0} 1,160 4,235,236x 433,265 
Yates 
43 Sand. | 4 700 0 0 700 303,113 96,846 
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45 | Pecos: Tobarg.........cnve esse sees eens 8 1,200 0 0} 1,200 3,855,080 777,366 
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s semiproven, total 10,520 acres. 
semiproven, total 2740 acres. 
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100 bbl. per day each under proration. 
the thick, hard rock section, and an average expenditure of about $45,000 


is necessary. 


Wells are expensive, owing to 


In spite of costs, the offset obligations and expiring leases 


will doubtless cause a large number of wells to be drilled during 1938 in 


TaBLE 1.—(Continued) 


Total Oil Production, | Total Gas Production, Millions Number of Oil and/or Gas Wells Perea 
Bbl. Cu. Ft. Feet 
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Daily S = 
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5 29,301 106 x z |e 3| 1] oo 3 0| 0} 3/5068 | 5,025 
6| 4,520,758 | 11,970 y y yly 440| 26, 0.20y| 420, 0| 0} 420/3;800 | 2800 
7| 403,947 | 1,087y} —500,000y, sy vig 36| 25] 0/0] 36, 0} 0} 36/4421 | 4,299 
8] 103,044 354 y y yiy 4| 3] 01 0 4 0| 0] 4/6200 | 5,950 
9 6 0 r 2 z | 2 6| 0] 60 0} 0} 0} 0) 1,600 | 1'599 
10 424,140 952 2 x zi\2 62} 1) 10 40} 0} 0} 40/2,550 | 2,450 
11 75: 23 x x oe 2} 1) OO 2} 0} O 2| 5,038 | 4,970 
12 2,039 y x x vie 1} 1} OO 1; 0} O 1| 5,100 y 
13| 114,737 211 x z z |x 15] 0} 0/3} 12] | o| 12) 4'200 |3,900 
14] 2,914'430 | 7,037 x x z |x y| 77/ vy} 181} y| 0} 181/ 4,400 |3'950 
15| ‘828,562 | 3/500 x x z |x 85|.75| yl y| 77] yl yl 77/4310 | 4'100 
16| 3,304,957 | 11/115 x x y|z 363/332) 0| 0 | 360/228) 3] 363/ 4/250. | 4175 
17| ‘263/269 888 z x z | 2 22) 19} 0/0] 22) 0| o|  22/4'280 | 4'090 
18 15,082 41 x x z |x 1] 0} oo 0] 0} of 1/4166 | 4:100 
19| 2,827,540 | 6,518 y y yly 226] 52} 0| 1] 293| 0) 2] 225/3/600  |[3'450 
20 0 0 0 0 0/0 1] 0} O14 0] 0 “y 4, 
21 26,692 160 y 0 y ly 4} 4 110 4| 0 3 41 5:09 £088 
22/ 189,973 | 1,852 | x t z | 2 21) 21] 0} y| 21) 0} o| 211 5,000+| 4:950+ 
23 16,622 28 z x z | 2 8} 0] 0] 2 6| 0] o| — 8/2;600 | 2/510 
24 647,072z| 2,184 & 2 2 | 2 270) 22} 0} 0] 270 
25] 103.4452] 304 z z z|z 59} 1) y/ 0 i 0 3 0 780 va 
26| — 550.7852] 1,501 x x 2 | a 49) 0; 0/1] 48) 0| o| 48/2'300 | 2150 
27| 3,092'6172| 8,963 x ' z|@ 265] 16] 0/ 0 | 265; 0! 0| 265] 2'600 | 2'500 
28] 1,380,430z| 3.649 z z xz |x 140] 18] 0] y | 140] 0] 0} 140/3'000 | 2's00 
29 3,024 | 3/024 x x zf|a yl ul uly y| ul y| yi) i664 | 2'632 
30 10,275 y x z z |x 3] 3] 0] 0 3] 0} 0] — 3/5:023 | 4’968 
31| 2,526,367 | 7,265 z z z| 2 232) 44/ 0/ 1| 231] 0} 0] 231/2's00 | 2'450 
32 9,945 12 x x z|a 17| 1] O11 9} 0} o| 9/1410 | 1.400 
33 88,560 | 302 z x z | 2 5| 5! 010} 5] O| o|  5/3'903 | 3's90 
34] 525,913 | 1,481 x z z|z 97/ 3} 0115] 982) 0) 0]  g2\4'304_ | 4’207 
35] 308,506} ‘900 z x z | 2 136} 0} 0/19] 106) 0| 0| 106/3'000 | 2's00 
36] 290420 650 z x z | 2 22} 8! 0} 2] 20] 0} 0} 20/1'400 | 1'200 
37 0 0 z x zz 1| 0} 0} 1 0} 0} 0} 0] 11378 | 1'338 
38 95,662 259 x x y ly 15} 7] 0/0} 15] 0} o| 15/2'300 | 2'995 
39| 163/106 | 501 z z 2 |e 69} 17; 0} 5| 64 0! of — 64| 1.600. | 1300 
40 0 0 z x z|2 3] 0] o2 0} 0} Oo} — y/ 1400 ‘| 1.385 
41 27,500y 75 a x a | 2 10} 1) 1/1 9} 0} o| 9/1,016 | 970 
42| 387/335 | 1,050, x z z|z 58} 8} 3/0] 54! 0} 1] 55] 1,675 | 1,630 
43 71,868 179 x x e|@ 10/ 0| 010] 10) 0 
44) 10,558,488 | 24,709 | 113,605 | 2,828 | 2,163 | 7.4] 542| 28/ of 0| 5421 0 0 uaa Vaso 1310 
45 y y x z 2 | a 197| 26} 1/0] 197] 0} o| 197] ‘445 | “400 
46 0 0 x x x |x 3] 0] o|1 0} 0} 0}  0/1,700 | 1,650 
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Wasson-Denver field. This field covers at this time approximately 
20,000 acres and is not as yet fully outlined. 

Slaughter Field—Slaughter field, in Hockley County, was discovered 
in April 1937. An extension 314 miles to the southeast by Stanolind’s 
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Oil Production Methods at End of Character of Oil, Approx. 
1937 Pressure, Lb. per Sq. In.¢ Average during 1937 Cnaea ener 
Gas, Approx. 
Average during 
Number of Wells Average at End |Gravity A.P.I. a 
of at 60° F. 
Initial 
& Bese: 1936 1937 
2 Bo asl e » “8, se 
oo = ao ao| i.e ee . 
z)2|2)els| 4k a| 2 Eelgs| , | Be ok 
g ae Nee St ae ine: aS |e REas| @ |) 33 |a8s 
ieee |e) 8408 ee 3|8 E<G| 8 | ae [64° 
1 22 10 0 0 0 0 x £ y |81 (24 |28.1ly M y\y 
2 0 0 0 0 0 0 y y y (29 |30 y y yy 
3 33 1 18 0 0 0 | 1,900 1,657 | 1,512 y |y jal ly M 603 | y 
4 0 2 0 0 0 0 zr x z |81 |28 |29.5\¢ M ey 
5 0 0 1 0 0 | 1,100 1,100 1,100 31 |80 |30.6)1.7 M 
6} 130 290 0 0 0 0 725 y y (|33 {36 |32 |2.5 | M | 1,100 rg 
yalnes6 Oi ® 0 0 0 | 2,100 « | 1,761 y y y ae 
8 2 2 0 0 0 0 | 2,850 2,850 | 2,850 |47 |85 |45 OM cea Ne 3 
9 0 0 0 0 0 0 x x gz |19 |19 |19 [1.5 | M | 1,097 | 0.15 
10 0 40 0 0 0 0 2 x z |30 |28 |29 0.7) M y\ly 
ll 0 2 0 0 0 0 7) x y y |y (al ly A y ly 
12 0 1 0 0 0 0 y y y y \37 \y y y\y 
5 7 0 0 0 0 y y y |19 19 19 |1.15 M | 1,097 | 0.15 
170 16 y y y y y y y y y y y\y 
15 23 54 y y y y y y y |87- |85 |86 |x M zie 
16| 342 17 1 0 0 0 | 1,675 1,617 1,470 |40 |34 |37 |1.9| M y | 0.5 
17 18 4 0 0 0 0 900 y y- |88 |86 |387 |x M yly 
18 0 1 0 0 0 0 x y y |82.6/85.8/36 |2.0 A y\y 
19| 170 55 0 0 0 0 | 1,550 1,400+ | 1,850+ |87 |34 |36 [2.6 M y | 1.5 
20 0 0 0 0 0 0 x 2 a |28 |26 |27 ly 7] eile 
21 4 0 0 0 0 0 | 2,000+ a | 2,000+ |34 (384 |34 ly M y\y 
O2iee oi Gn Ohay 0 0 0 y y y \jy ly 5 |y M y|y 
23 0 6 0 0 0 0 x z z |40 (88 |39 ly y y\y 
24 0 270 0 0 0 0 a z z (85 |81 |83 |1.0] @ g | o 
25 0 59 0 0 0 0 x br x a2 |az (32 |0.8] y @ a8 
26° 0 48 0 0 0 0 £ z z |81 |26.7/27 |3.4| M Neg: 
27 0 265 0 0 0 0 0 265 0 y |y |28 2.0) y a | 2 
28| 140 0 0 0 0 0 eo x ( x |a |30 |2.0|/ M a |e 
29 y y y y y y y y |y ly y y y ly 
30 3 1 0 0 0 0 y y y (32 |82 |382 |y M yly 
31 16 215 0 0 0 0 x x x z |a |27 |2.0| M y ly 
32 0 9 0 0 Orme t © Loe |e Be y z y 4 
0 0 0 0 y 7] y y y y 
31 2 5 4 0 0 0 | 1,650 900 750 |59 |31 |38 |0.2 | M | 1,000 1.0 
35 0 106 0 0 0 0 | 1,000z y y |27 |25 |26 |2.5| M yly 
36 5 15 0 0 0 0 z z z ily |y (28 \y y y|y 
37 0 0 0 0 0 0 a x & ge | 0. 126 ly ip Tie 
38 15 0 0 0 0 0 fi) ie y |84 |84- |34 |y iP ve 
39 y y 0 0 0 0 2 240+ y |87 |23 |81 {1.0 P | 1,000 | y 
40 0 2 0 0 0 0 x x zg (|24 |24 |24 10.6) A oe 
0 0 0 - x z |30 |24 |28 
2 58 0 0 0 0 x te DanlBle 129) 1180) q)h- 3h ele 
10 0 0 0 0 100 x y |82 |82 |82 |0.3 y y\y 
ne ou 28 0 0 je 0 700y 536 535 |31 |29 |30 |1.6| M y | 0.84 
45 0 197 0 0 0 0 ae x x y |\y |23 |1.9) M y\y 
46 On ta 0) 0 0 0 0 & x a (|31 |81 (31 \y M mule 
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No. 1 Slaughter and a favorable showing in Sid Richardson’s No. 1 
Slaughter, about 214 miles due north from the discovery well, suggest 
that Slaughter field will be of major proportions. 


field is from Permian limestone at about 5000 ft. 


TABLE 1.—(Continued) 
ee eee 


Production in Slaughter 
The discovery well, 


: ne Tested 
Producing Rock — ey of 1937 
Thickn =o 
Char- | Poros- | *ckness,) Struc. | Ua Depth of 
Name Agel pera Ips Average || "jie a = Name Hole, Ft. 
in Feet Fase] 

5 Gps 

4 sos 

Z ie 

ro) 5h 

3 z cok 

1| Big lime Per D Por 25y A 4 Permian 5,088 
2 | Big lime Per DL Por y A y Permian 4,342 
3 | Big lime Per DL Cav 20 A 1 Permian 4,556 
4 | Big lime Per D Por 5 MC 0 Permian 4,814 
5 

6 | Big Lake lime Per DL 15 75 A 3 Ordovician 12,786 
7 | Big lime Per D Por 50 AD 6 Ordovician 6,450 
8 | Simpson-Ellenburger Ord LS Por 20 AD 3 Cambrian y 
9 | Big lime Per D Por 10 A 0 Ordivician 8,041 
10 | Big lime Per DL Por 13 AD 4 Ordovician 8,830 
11 | Big lime Per DL Por y A 0 Permian 5,055 
12 | Delaware Per 8 Por y A y Permian 5,100 
13 | Big lime Per DI, Por 10 A 0 Ordovician 8,041 
14 | Big Lake lime Per DL Por 20 A y : y 
15 | Big lime Per DL Por 30+ A 4 Permian 4,517 
16 | Big lime Per DL Por 40+ A 5 Permian 4,557 
17 | Big Lake lime Per D Por 120 Tt 5 Big lime 4,518 
18 | Big lime Per DS Por 30 A 0 Big lime 4,166 
19 | Big lime Per DL ~~ 40 A 14 Permian 4,002 

‘or 

20 | Big lime Per DS Por 50 A 0 | Permian 4,870 
21 | Big lime Per DL Por 60+ A 0 Permian 5,112 
22 | Big lime Per L Por y A 5 Permian 5,097 
23 | Big lime Per SLs Por 10 A 1 Permian 4,801 
24 | Yates sand Per Sand Por 20 A 5 Ordovician 10,960 
25 | 1700-ft. pay Per Ss 22 20 A y Ordovician 10,960 
26 | 2200-ft. pay Per Ss Por z A 10 Ordovician 10,960 
27 | 2500-ft. pay Per L Por z A 2 Ordovician 10,960 
28 | 3000-ft. pay Per DL Por z A ll Ordoyician 10,960 
29 | Big lime Per DL Por 4 D y ermian 3,247 
30 | Big lime Per L Por 55 A 0 | Permian 5,032 
31 | Big lime Per DL Por 50 A 12 Permian 4,220 
32 | Yates sand Per Ss Por 10 M y Permian 3,511 
33 | Delaware sand Per Ss y y ] 4 Permian 3,972 
34 | Delaware sand Per Ss Por Ke M 6 Delaware 5,083 
35 | Big lime Per DL Por 50 MC 4 Pennsylvania 5,250 
36 | Pecos Valley sand Per Ss Por 5 M y Permian 1,675 
37 | Yates sand Per Ss Por 10 T 4 Permian 2,800 
38 | Yates sand Per Ss Por 15 A 1 Permian 2,459 
39 | Pecos Valley sand Per Ss Por 15 A 15 Permian 2,550 
40 | Yates sand Per SH Por 25 A 7 Permian 4,375 
41 . 

42 | Permian Per DL Por 15 A y Permian 2,185 
43 | Yates sand Per Ss Por 15 AL 0 Permian 1,852 
44 | Yates lime Per DL Por 100+ A 17 Permian 1,938 
45 | Tobarg sand Cre Ss Por 20 AL 24 ermian 4 
46 | Big lime Per DS z 10 A 10 | Ordovician 9,811 
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The Texas Company’s No. 1 Slaughter, logged 55 ft. of saturated lime- 
stone before encountering sulphur water at 5032 ft.,.and after a two-stage 
acid treatment totaling 8000 gal. showed an initial production of 520 bbl. 
per day.. Without consideration of the almost certain extension to be 
made by the Richardson No. 1 Slaughter to the north, it.may be con- 
servatively assumed that about 2000 acres are already proven for pro- 
duction, and that a like amount will be added by the Richardson well if 
it becomes a producer. 

Mason Field.—Michigan Oil and Gas Company’s No. 2 Kyle opened 
a new Permian ‘‘ Delaware” sand field in January 1937. Saturated sand 
section was found from 3895 to 3903 ft., and. the discovery well flowed 
347 bbl. per day of 38° gravity nonsulphur crude oil. Five wells were 
completed to the end of 1937 in Mason field, and production for the month 
of December was 7349 bbl., or 237 bbl. per day. Two dry holes, which 


TABLE 1.—(Continued) 


epee SS 
Area Proved, Acres Total Oil Production, Bbl. 
County, Field 
Oil : 
Oil and |Gas| Total | To End of During 
Gas 1937 1936 
he s i 
Zi os 
E De 
i) < 
R : Big. Lake, 
47 gas 2400-ft. DOV Seale cerns es ate 14 275 0 0 275 2 x 
48 SOOO DAV ane eae oleae mo tent 14 3,000 0 0| 3,000 62,161,589 1,931,503 
S03 tee MedOviclat foc hes nln Se a hs 9 1,300 0 0} 1,300 25,698,390 1,095,899 
50 GraysONiage se) eececs ep cee eee 9 640 0 0; 640 518,771: | 59,486 
51\ | Reeves: Toyah........-....-+-0 ss: 2-8 r eee 18 640+ 0 0} 640+ 6,500 0 
52 | Scurry: Ira-Northwest.........-.----+-+++- 13 640 0 0| 640 113,114 12,199 
53 | Upton-Crane: McCamey-Hurdle...........-- y 0 0 38,740,709 5,209,238 
54 Cordova-UniON, . psec nee eee 2 160 160 0 160 23,163 14,370 
55. |. Ward: Dobbs........-.-25-02:2ee eben: 0 0 10,608 6,924 
56 SUS TORO AT ¢ Meiccioien aynis er aie Eanes 0 0| 4,500 3,362,918 ° 309,063 
57 13 (ORGS, oa sea Gh Gee nD ebm eacser atc y y y 6,280 9, 
58 North Wardivs.02- -. sce : £ z x x 2,951,948 
59 South Wards. . oc cjne2ceuess= 0 0| 10,000 s 5,083,173 
60 Shipleyic.. nse<icses > 0 0} 2,500 £ 597,252 
61 Ward Goce oe z | 1,000) 36,000 (37,346,883 8,957,515 
62 | Winkler: Bashara.........-.- 0 0 160 26,228 ” 10,861 
63 Emperor... 03... --.- «+ 0 160} 1,560 ! * 821,589 Au 280,695 
64 iaM OV ae ssuin = so 0 0} 800 i es * 72,942 
65 Hendrick.........-- 0 0} 9,200 y 4,791,768 
66 Henderson........ 0 0| 2,600 | ‘e1,548,309 193,126 
67 Kermit........... x z| 18,260 | e12,006,001 t 
68 Keystone-Walton. y y y | ‘4,644,962 483,481 
69 Leck....... as 0. 0 960 3,321,718 161,361 
70 | Scarbrough 0 0} 1,160 | ° 3,238,964~.) «649,782 
71 [Aen soy ntooomneudem Ue auueerda se y y y : y : i ( 
72, | Yoakum: Bennett........-..---++++2+-005> 0 0} 980 123,462 
73 Bohago-Bond.........-.-+-0+++s0re00s y y y vy 


eer at ‘ 6 Production figures included under “3000-ft pay.” 
; 7 Includes Sealey production, Winkler County. 
8 Included under Ward County for production figures. 
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offset the discovery well, defined the field to the south, while a small 
pumping well completed 2 miles due west from the discovery well and a 
dry hole 2 miles due east indicate that any expansion of the productive 
acreage of the Mason field will be due north from the discovery. 

Other Discoveries—Emma field, in southern Andrews County; 
Scanlan field, Dawson County; Bohago-Bond field, Yoakum County and 
Herrington field, Upton County, were also added to the list of new West 
Texas fields during 1937. The magnitude of these new fields is as yet 
unknown and will be better determined by subsequent drilling operations. 


EXTENSIONS TO OLDER FIELDS 


Kctor County was most favored in extensions to its older producing 
fields. Goldsmith field was broadened about a mile on each side and 
had its length increased about a mile or more on each end through rapid 
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c - 4 Bae Depth, 
Total ett da Total Gas ee Millions Number of Oil and/or Gas Wells Average inl 
: . Ft. eet 
During 
1937 At End of 1937 
Daily = < 
Aver- 53 & 
During age To End of | During} During =) 
1937 during 1937 1936 | 1937 | .. 3 3 5 
Ov. | iz) gq 
hk o~ = 
3 1937 As bats) 2 6/5 =e © 
El a=) 32/8) 2/e\ ga] 2/2] ioe [ss 
; TSE HEE SEE 
g ao i= bs 4 A 
4 3/88/84) 2| 25/2) 2|28| 382 |ets 
47 y x F 7 x @)}2# 21) O} yl y y| 0} 0 2,500 | 2,375 
48| 1,725,535 | 5,138 zi x Zune 261); 0} 3) 2] 198) O| O 198 3,000 | 2,960 
49 998,995 463 & z | 1,849 | z 24, 0) 71 10} 6} =z} 16) 8,900 | 8,200 
50 58,726 156 z zr vly 5} 0} O10 5} 0} 0 5| 3,100 | 3,050 
51 0 0 7 x 2 2 35} 0] yl y 0; Oo} 0 0} 100 100 
52 12,930 31 x z Ce 10; 1; 010 10} 0) 0} 10/2,395 | 2,320 
53 | 6,663,062 | 18,310 7] x Bella 835/285) 15} 0 | 820) 0} 0} 820/3,000 | 2,800 
54 8,204 24 x x e |e 3} 1) 010 3} 0] 0 3} 2,150 | 2,060 
55 3,679 9 x r a ke 2) 0] 0] 0 2} 0} 0 2) 2,570 | 2,555 
56 | 3,053,855 6,859 x x vly 232/176} 0] 0 0,232) 1} 232/2,950 | 2,450 
o 8,850 25 2 x 2 lie 1} 0} O|0 1} 0] 0 1) 4,675 | 4,665 
y 7] r z Briley Z| 2) aie Z| 2 2 z} 3,600 | 3,300 
¥ Et 12,205 3 y vly Ue 1 : e 0/657} 2) 659] 2,525 | 2,350 
: 7] z x 2 lke 96) 0} 0} 96/3,100 | 3,075 
61 | 12,195,967 | 28,124 r rz @ \e 1,270/436) 5) y | 1,253) y} 12| 1,265} 2,700 | 2,500 
62 15,867 84 7) E) vily 6 0] 0 5} 0} 1 6] 3,450 | 3,350 
63 508,504 1,386 o x ye 56] 27) 0) 0 54) 0} 2) 55/3,100 | 2,833 
- aye 605 a 7] yly fen i: 0} 0 ae oO} 1 * 3,200 | 3,100 
y z x rhe 376] 2,900 | 2,600 
66] 1,355,183 | 3,135 | e1,625,000 2 % | 2 113] 7 b b 112 b t 113} 3,075 | 3,025 
67 644,220 | 17,767 |e17,160,000 7] y\y 787/414) 0} 0 | 772) 0] 15] 787/3,053 | 2,817 
68| 1,062,458 1750 x 2 yly 73} 42) 0} 0 73} 0} 0} 73)3,600 | 3,000 
69 176,961 481 x = ova 16} 0} y/ 0 0) a 0 9} 3,100 | 3,000 
442,569 es <1] zie +4 : : 4 fi 0} 0} 97/3,400 | 2,860 
y Zals £ ae 3 1} 0] 0} 21/3,200 | 3,100 
113,957 0 0 0|0 5} 4) 0} 0 0} 5} 0} © 5) 5,260 | 5,050 
y y y yly 1} 1) O10 0} Oo} O 1) 5,225 y 
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but orderly drilling. The field now includes a total of approximately 
15,000 acres, exclusive of the Scharbauer area, which roughly covers 
6500 acres, or a total of about 21,500 acres. There were 348 flowing 
and 12 pumping wells in the Goldsmith field with a total daily production 
of 11,493 bbl., or an average of 31.93 bbl. per day per well. Of the total 
number of producers, 26 wells were showing from 1 to 40 per cent water 
in December of 1937. 

Harper field was extended 2 miles due northwest, and in its formerly 
proven portion large flowing wells were drilled, resulting in very active 
development of its older area as well as of the northwest extension. 
Foster and North Cowden fields both received minor extensions during 
1937, while the formerly proven acreage in these two fields was actively 
developed. Active development in Winkler, Crane, Upton, Ward 
and other counties added considerably to the reserves and to the 
proven acreage. 
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ee 


Oil Production Methods at End of Character of Oil, Approx. 
1937 Pressure, Lb. per Sq. In.¢ ‘Average during 1937 peered pr ter 
Gas, ORES. 
Sree: tie 
: 19 
Number of Wells Avene 3 End Crary tig 
Initial 
be a |e 1936 1937 
4 £ 22 “ ss 
| 80 a |a’s g | o| a gs |B 
|) e)als) ae eleghe) ,| = ee 
2 g 3 a x 2 aS 8 lp ei io pee | 
S| a 3 en ga E S/S <ie| § | a> [54° 
0 0 0 0 x z £ y |y |85 |0.3 y ane 3 
ts 0 198 0 0 0 0 zt x x y |y |36 |0.4] M y\y 
49 12 0 4 0 0 0 | 3,600 x z |74.9/41 |44 [0.2] P | 1,200 | 1.17 
50 0 5 0 0 0 0 z x z (|83 |81 |82 |1.0} M Leia 
51 0 0 0 0 0 0 £ 0 0 y |y |27 (1.7) M a \ ¢ 
52 0 10 0 0 0 0 @ z z (|25 |25 |25 |2.1| M y\u 
53 0 820 0 0 0 0 z £ 2 y |y |28 |2.0) M eae. 
54 0 3 0 0 0 0 x zt z |25 |25 |25 |y M za \ 2% 
55 0 2 0 0 0 0 x & x y |y \y iy M y\y 
56| 232 0 0 0 0 0 z y | 1,100 y |y (36 ly y yviy 
57 1 0 0 0 0 0 £ z yoly |y jy iy y y\y 
58| 739 78 7 x ¢ a | e1,400 e700 y \88|31 |86 |1.2} P | 1,129 | 1.2 
59 | 600y 50y | Ty | 0 0 0 | 1,300 y 500 y |y a y M / y 0 
0 0 z y y yoy. y 
4 se ie 0 0 0 0 | 1,400 1,000 900 (138 (31. 86 [1.2] P | 1,129 | 1.2 
62). 4 2 0 0 0 0 x Lt y z | az |28.5\y y zi\z 
63 48 6 0 0 0 0 | e1,300 z z (35.532 [33 \y M y \y 
64 17 70 0 0 0 0 x z y y | y (86 ly y Z| 
65 | 109 267 y y y y | e1,600+ x z |85 |24 |28 |1.5| M y\y 
66| 112 0 0 0 0 | 1,450 1,321 | 1,308 |80 [27 | 2 ly y yly 
67| 749 17 6 0 0 0 | 1,450 z 931 1387. |82 | 2 ly y y\y 
68 70 3 0 0 0 0 | e2,000+] e,2000+ y~ |38 |86. |37 |1.6| M yilu 
69 0 9 0 0 0 0 y 100 100 z | a |28.1/1.6 | M 21 2 
70 69 28 0 0 0 0 | 1,200+ y y |85.4'34.6.35.0]1.4 | M | 1,100 {1.0 
71 16 5 0 0 0 0 y y y y |\y ly ly y yjy i 
72 5 0 0 0 1FC | 0 | 1,100e | 1,000 | 1,000 [34 382 [33 jx M z | 0.8 
73 1 0 0 0 1 0 y y y jy jy jl yy y Z| 
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Jordan field, first considered by many as a separate field, now appears 
to be a connecting link between the Penwell (Judkins) field and the 
Waddell field; and is developing into an extension of major importance, 
owing to an active drilling campaign early in 1938. 

Kermit field, Winkler County, became a separate entity on March 1, 
1937, through the consolidation of Brown-Altman, Keyes and Sayre 
fields. On Jan. 1, 1937, Brown-Altman had 54 oil wells and a daily 
allowable of 2165 bbl.; Keyes, 118 oil- wells and a daily allowable of 
5664 bbl., and Sayre, 213 oil wells with a daily allowable of 8310 bbl. 
The result of an active, 10-acre spacing, drilling campaign in Kermit 
field: has been reflected in the addition of 433 oil wells to the 356 wells 
producing on Jan. 1, 1937, the total, on Jan. 1, 1938, reaching 789. 
Daily production also increased from 11,506 bbl. on Jan. 1, 1937 to 
17,887 bbl. on Jan. 1, 1938. The large increase of new oil wells completed 
had the effect of lowering the daily average production per well from 
32.32 bbl. on Jan. 1, 1937 to 22.67 bbl. on Jan. 1, 1938. 


TaBLE 1.—(Continued) 


Producing Rock ec Ade ory tte = 
Name Ages | Char- | Poros- rere Struc- 3 Name Depth of 
acter? | ity’ Average "| ture? BE Hole, Ft. 
g PS 
| STS 
Zz Ess 
© ag 
g a8 
ps | z= 
47 | Big lime — Per Ss 20% & AD 10 Lower Ordovician] 9,562 
48 | Big Lake lime Per DL Por 30 AD 10 Lower Ordovician} 9,562 
49 | Ellenberger Pen L Por D 2 Lower Ordovician} 9,562 
50 | Big lime ; Per DL Por 7] D 1 Mis 9,967 
51 | Big lime y vy y y MC Pennsylvanian 5,250 
52 | Big lime _ Per DC Por 25 A 7 ermian 4,528 
53 | Big Lake lime Per DL | Cay 30 A 61 Permian 4,610 
54 | Big lime Per DL Por y A 1 Permian 2,125 
55 | Shipley-Hazlett Per Ss Per 6 2 Permian 2,600+ 
56 | Estes sand Per Ss Por 15 K 0 Permian 3,000 
57 | Delaware sand Per 8 Por 4 A y Permian 4,675 
58} y ‘ Per 8 Por y y y Permian y 
59 | Penn-Bennett Per 8 Por 30 A 6 Permian 3,000+ 
60 | Shipley-Big lime Per S-DL | Por 10 A y Permian 4,400+ 
61 | O’Brien sand Per 8 Por 50 ML y Permian 4,825 
62 Bis lime Per DL Por 5 A y | Permian y 
63 | O'Brien sand Per Ss Por 40 AC 0 Permian y 
64 | Big lime ‘| Per DL Por 5 on. 1 Permian y 
65 | Big lime Per D Por & A 26y | Permian y 
66 | Big lime Per DL Cay 30 A 3 Permian y 
67 | Big lime Per DL Por 10+ A 4 | Permian y 
68 | Big lime Yates sand Per LS Por 30+ AD 3 Permian 4,463 
69 | Big lime Per ©|.DL | Cav | 200 A 5 | Permian 3,780 
70 | O’Brien sand Per Ss | Por 35 D 3 | Permian 3,565 
71| Biglime Per DL Por 10 A y | Permian ney 
72 | Big lime Blaine Per D Por 130 MC 0 | Permian 5,279 
73 | Big lime Blaine Per L | Por y y y | Permian 5,255 
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ORDOVICIAN 


More than a dozen wildeat wells were drilled in search of Ordovician 
production during 1937 in the West Texas Permian Basin. Gulf Pro- 
duction Co. completed two Ordovician wells in Sand Hills-Tubbs field, 
Crane County, and abandoned two deep Ordovician tests as dry holes. 
A well in northern Pecos County, near Imperial, being drilled by Magnolia 
Petroleum Co. gave promise of a new Ordovician producing area at the 
end of 1937, but it has not been completed as yet. 


“PRICES FOR CRUDE OIL 


Prices for crude oil in West Texas were revised upwards on Jan. 28, 
1937. Previously a price of $0.75 had been set for gravities below 29°, 
with $0.90 for 36° gravity and above and a per-degree differential of 
$0.02 from $0.76 for 29.0° to 29.9° gravity to $0.90 for 36° gravity and 
above. The new posted price quoted 25.0° to 25.9° gravity or lower at 
$0.78 with a per-degree differential of $0.02 to a top of $1.08 for 40° and 
above. One new purchaser varied slightly from the above by offering 
a flat quotation of $1.00 for 36° gravity and above but conforming other- 
wise with the other schedule. 


CONCLUSIONS 


Very rapid development of several older West Texas oil fields and the 
progressive extension of the Permian Basin producing territory to the 


Tape 2.—Well Completions, Initial Production and Drilling Activity, 
West Texas District 1936 and 1937° 


PRew Ot | don Thousands) TSE Eg* | Soa eee | Bathe 
Month 

1937 | 1936 1937 1936 | 1937 | 1936 | 1987 | 1936 | 1937 | 1936 
AGNES Bos Pion aera 166 85| 128 38 29\) 19 18 1 4 426 283 
[Reb aotiieos once eee, 63} 133.8) 37.4] 19 10 le lle. 462 | 301 
IVR reese etree ayer ew. as 56 234 92| 235.3) 50.6} 30 14 2 2 546 | 295 
DN) 05 U eet ae ee cron 193) 118] 169.5) 75.9) 22 20 0 1 513°| 339 
INUIGIN 72 oR Ma race sete 229} 102} 190.6) 56.8; 18 16 OS 4 608. | 368 
AULT GRRE ec ts 2 oP 928] 108} 186.4) 70.5) 19 20 0 1 599 | 381 
ayaa tote. serene 279| 146) 212.8)124.5) 41 14 1 0 544 | 393 
INTIS oa Bo ob ee eee 205) 115] 150.3) 66.0} 37 16 2 4 522 | 373 
Sep avec cie- ee 203} 131) 148.6} 97.9) 29 23 0 1 521 | 409 
OGG Mieke eon oon 188} 142) 157.4) 96.7) 30 19 2 3 490 | 435 
INO Vinee cle einen oe 174} 137| 153.3]108.8) 22 14 0 3 475 | 355 
Tiere ee 206) 228) £150.38 91.2) 45 10 1 2 449 | 436 

ovale riche es 2,464| 1,367) 2,016.3 915.2) 331 | 194 | 11 25 
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north were the two outstanding features of 1937. The rapid develop- 
ment of such fields as Goldsmith, Kermit, Foster and others added some 
2464 producing oil wells to the West Texas district, or a remarkable net 
increase of 42.58 per cent in the total number of producing oil wells in 
the district. During the year production from West Texas increased, 
however, only 22.09 per cent, resulting, as already indicated, in a 20.84 per 
cent decline in the average daily production per well. Assuming that 
during 1938 some 2500 oil wells will be again completed in West Texas, as 
appears probable, and that the annual production of this district will 
remain at about 75,000,000 bbl., the average daily allowable per well in 
West Texas will decline to about 20 bbl. by the end of 1938, as compared 
with 25.18 bbl. in December of 1937, or a further impressive drop of 
some 20.57 per cent. Hence it is evident that some limitations of the 
drilling development in West Texas is imperative during 1938 and 1939 
if the daily well allowables are to be kept above the economic marginal 
limit, more particularly in view of limited market outlets for West Texas 
crude oil, both because of distance and grade. Wider spacing of wells 
in proven fields appears at this time the best way to change the present 
trend of the rapidly declining per-well per-day production in West Texas. 
The reserves of West Texas district were greatly augmented in 1937, both 
in actually proven fields and because of the north extension of the 
Basin, but while such increase in reserves can be considered as a construc- 
tive development, it can become so unwieldy by virtue of over drilling as 
to bring about economically destructive rather than constructive forces. 
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Oil and Gas Development in Utah in 1937 
By C. E. SuHorenretr,* Memser A.I.M.E. 


Wipcar drilling operations in Utah in 1937 added nothing of impor- 
tance to the commercial oil and gas possibilities of the state, and such 
operations consisted largely of efforts to reach objectives in wells started 
in former years. 

The Standard Oil Company of California, jointly with the Continental 
Oil Co., completed a wildcat well in sec. 22, 23 S., 11 E., on the San Rafael 
swell in Emery County, which was abandoned in metamorphic rocks at 
4900 ft.; it tested the Pennsylvanian and Mississippian sections and 
probably ended in Devonian or older rocks. 

The Utah Southern Oil Company’s test of the Cisco structure in 
sec. 33, 22 S., 22 E., was abandoned at 6715 ft.; it may have been through 
the Pennsylvanian section at this depth. 

The Mountain Fuel Supply Co. continued the development of its 
Clay Basin gas field, and with the completion of two wells in 1937 added 
35,571,000 cu. ft. initial daily gas capacity to its reserves. This company 
constructed 21 miles of 10-in. gas pipe line from the Clay Basin field to 
its South Baxter Basin terminal in Wyoming, and during the closing 
months of 1937 delivered 2,225,000,000 cu. ft. of gas through the Salt 
Lake trunk line. 


TABLE 1.—Oil and Gas Production in Utah in 1937 


Area Proved, Total Oil Total Gas Production, 
Acres Production, Bbl. Millions Cu. Ft. 
Field, County 
: 28 Oil | Gas | Total | ic 
Ss a=) eo 1) yy 1) oo 
2 fr 2s | 28 (55 | 28 | 28| £8 
1 | Ashley Valley, Uinta.........+-.-0-+0++++ 12 240 | 240 1,570.0) 515 | 500 
2 | Cisco, Grand...5.....-. cece cece eect ee ee 13 2,000 | 2,000 3,128.0} 0 
3 | Clay Basin, Daggett........+-+++++++++5+> 10 | ~ 2,800 | 2,800 2,121.5) 0 | 2,121.5 
4 | Farnham, Carbon.........-----0+2es0000+ 14 600 600 1,482.0} 368 4, 
5 | San Juan, San Juan.........-2-0-e eee eee 28 | 160 160 | 11,000 0 0 
6 | Virgin, Washington.......-.-++++00+05 02+ 30 | 450 450 | 159,250) 3,000 | 2,250 
7 Potaliccaraciete stteieertretaias es seas Sener 610 | 5,640 | 6,250 | 170,250) 3,000 2,250 | 8,301.5} 883 2,216.0 


Manuscript received at the office of the Institute April 12, 1938. 
* Geologist, Petroleum Information, Inc., Denver, Colorado. 
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TABLE 1.—(Continued) 


Oil Produc- Character of 


Depth, . a 
Number of Oil and/or Gas Wells Average ep dager 
EC ict 1687 
During | At End of 1937 
Number 
hy o~ 
aS Po a tole © Ne i) of Wells 
a) 32/3) F| eel gelex| Zee bed | Sanne 
4| as | als | so | 25/80) s)85 28s. 
a) 86] 8 | 8 | 84 | 2s SSlSesesces 
4| 5 0] 3] a? [LOMO EA aH is 
1 0 0 2) 2 | 1,675 | 1,665 
2 13 0 13 0} 0 | 2,174 | 2,056 
3 6 2 0 5 | 5 | 5,800-| 5,700 
4 2 0 0 1 1 | 3,114 | 3,093 
5 129 0 0 0} 200} 194 
6 75 0 0} 16 14 14 | 665 | 663 14 
i 230 2 139) 216 14 | 8 | 24 14 


Pressure, Lb. per 
Sq. In.¢ 


Oil, Approx. 
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Initial 


1936 | 1937 


Gravity A.P.I. 
at 60° F. 


| Maximum 
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| Weighted 
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| Base? 


580 


750 
2,250 |[2, 
750 | 325 


4 Footnotes to column heads and explanation of symbols are given on page 313. 
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Oil and Gas Development in West Virginia during 1937 


By Davin B. Recrr,* Mremperr A.I.M.E. 
(New York Meeting, February, 1938) 


EXtTEnsIve drilling for gas and increased pipe-line building were the 
major petroleum activities in West Virginia during 1937. According to 
the West Virginia Department of Mines, 1034 permits to drill were issued. 
A running account of operations from trade journals and other reports 
shows that 1041 wells were drilled, resulting in 193 oil wells with 1238 bbl. 
of daily production; 680 gas wells with 1,048,057,000 cu. ft. of daily open 
flow; and 168 dry holes. The new oil-well average is 6.4 bbl. per well per 
day; the gas-well average is 1,541,260 cu. ft. per well per day; the ratio of 
dry holes to completions is 16.13 per cent. 

Very little attempt was made to develop new supplies of oil. Because 
of the continued low price, operators evidently considered it good business 


‘to leave oil in the ground rather than to produce it at a loss or on a small 


profit basis. The principal oil wells completed, by counties, are: Calhoun, 
16; Clay, 10; Pleasants, 17; Ritchie, 42; Roane, 16; Tyler, 13; Wetzel, 11; 
Wirt, 14; Wood, 13. 

The leading counties in gas, with the number of successful wells in 
each, are: Boone, 54; Braxton, 31; Cabell, 48; Calhoun, 46; Gilmer, 82; 
Kanawha, 134; Lincoln, 44; Ritchie, 56; and Wayne, 26. 


GENERAL STATE OF THE INDUSTRY 


In Table 1 will be found an approximate summary of oil and gas 
territory and reserves, oil and gas production and number of oil and gas 
wells. The amount of land under lease is an approximation, because the 
exact figures are not available through any public or private agency. 
The proved land and reserves represent the opinion of the writer. The 
oil production for 1937 is subject to revision, and the gas production 
for the same year is only an estimate, based on demand and supply. The 
number of oil and gas wells now active is also an approximation, based 
on previous studies, and revised for completions and abandonments. 


PRINCIPAL AREAS OF ACTIVITY 


In Boone County, 62 wells were drilled in various localities, resulting 
in 4 oil wells and 54 gas wells with 18,170,000 cu. ft. of new production. 


Summary received at the office of the Institute Jan. 27, 1938; entire paper, March 
15, 1938. | 
* Consulting Geologist, Morgantown, W. Va. 
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This gas was mainly in old sands, but one new Oriskany sand (L. Dev.) 
well, with 300,000 cu. ft. of open flow and 1230 lb. rock pressure, 
is reported from Peytona District. Heretofore, other wells drilled to the 
Oriskany in this county have been dry. 

In Braxton County there was a considerable revival of gas activity, 
resulting in 31 productive wells, with 12,041,000 cu. ft. of new production. 


TaBLE 1.—Ouil and Gas Territory, Reserves, Production, and Wells in West 
Virginia as of Dec. 31, 1937 


Or anp Gas TERRITORY AND RESERVES 


H Proved and Probable Acres Reserves 


eld by Leases, | probable Terri- 

oh guanie ae tory Not Held ——— 
Tarstory. by Leases, . F Gas, Millions 
Territory; Acres Oil Gas Oil, Bbl. vie 
5,000,000 250,000 750,000 2,500,000 93,000,000 7,000,000 


Om aNnp Gas PRopuctTIon 


Average Gas 
od Well per 
ay, Cu. Ft. 


Average Oil 
Period Oil, Bbl. per Well | Gas, M 
Daily, Bbl. . 


illions 
t. 


LGOONG ONO Tneeeitas niet ocean, 402,892,000 6,205,400 
During 1O36\ ues oe eee eae 3,847,000! 4 139,102?] 29,543 
During 1087 g..a a ace Arse meek 3,800,000 : 150,000°| 30,992 


NuMBER OF O1L AND/oR Gas WELLS 
EO Oe ee eee 


Number Completed Number Completed during 1937 Number at end of 1937 
to End of 1937, 
oir end Cas Oil Gas Oil Gas 
62,073 + 193 680 18,575 + 13,260 + 


1 Figures by U. S. Bureau of Mines. 
* Figures by Public Service Commission of West Virginia. 
3 Estimated. 


Cabell County shows the remarkable record of 48 gas wells out of 49 
completions and only one dry hole. There was no oil but the new gas 
wells totaled 17,863,000 cu. ft. of open flow. 

In Calhoun County a considerable amount of routine drilling was 
done, yielding 16 oil wells with 184 bbl., and 46 gas wells with 38,366,000 
cubic feet. ; 

In Gilmer County, the Glenville gas pool was the principal new dis- 
covery of the year. This territory, in or closely adjacent to the town of 
Glenville, where some unsuccessful drilling had been done in earlier 
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years, was opened by the completion of a 5,600,000-cu. ft. well in the 
Maxton sand (U. Mis.) in January. The intensive drilling that followed 
resulted in 42 gas wells out of 47 wells drilled, with 43,612,000 cu. ft. of 
new production. Contrary to the discovery well, most of this production 
is in the Big Injun sand (L. Mis.), with scattered wells in the Salt (basal 
Pen.), Big Lime and Keener (L. Mis.). This pool is on the Chestnut 
Ridge anticline, which is generally productive elsewhere in Gilmer County. 
Well depths to the Big Injun sand at Glenville average about 1700 ft. All 
the other productive sands are nearer the surface. No definite outside 
limit of production is yet indicated, but it is probable that the pool will 
connect with other producing territory to the northeast and southwest. 

In Kanawha County the dominant activity has been the drilling for 
gas in the Oriskany sand (L. Dev.) and the laying of new pipe lines, both 
of which will be hereinafter detailed. 

In Lincoln County there were 8 oil wells with 104 bbl. of new produc- 
tion; 44 gas wells with 25,680,000 cu. ft. of open flow, and only one dry 
hole. A considerable part of the new gas represents deeper drilling of 
old wells down to the brown shale, or Childres sand (M. Dev.). 

Ritchie County had 127 completions, resulting in 42 oil wells with 
249 bbl., 56 gas wells with 17,357,000 cu. ft., and 29 dry holes. 

In Roane County, 16 oil wells yielded 152 bbl. and 16 gas wells meas- 
ured 15,147,000 cubic feet. 

Wayne County had one small oil well, 26 gas wells measuring 17,010,- 
000 cu. ft., and one dry hole. 

Wetzel County records 11 oil wells with 79 bbl., 19 gas wells with 
23,779,000 cu. ft., and 9 dry holes. 

In Wirt County several wells drilled to the Oriskany sand were fail- 
ures, but some oil was found in an Upper Devonian sand that has not 
heretofore been productive in that county. This new sand is not accu- 
rately identified, but may be near the Elizabeth horizon. 


DEVELOPMENT IN ORISKANY SAND 


Late in the year 1934 the completion of a fairly good oil well in the 
Oriskany sand (L. Dev.) in Kanawha County led to the hope that a valu- 
able pool might have been discovered. The large exploration campaign 
that followed dissipated the prospect of oil but revealed immense quanti- 
ties of gas. The successful development to date is principally confined to 
Kanawha County. By the end of 1936 there had been 64 successful 
wells, with 230,912,000 cu. ft. of daily open flow. In 1937 there were 100 
successful completions, with 691,954,000 cu. ft. of open flow, making a 
grand total of 922,866,000 cu. ft. Altogether, 184 wells have been drilled 
with only 20 dry holes. The average open flow per gas well has been 
5,627,232 cu. ft., with rock pressures that vary from 1200 to 2000 lb. In 
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January 1938, there were 113 wells listed as drilling but several of these, 
for various reasons, may never be completed. 

This development originated on the northwestern slope of the Warfield 
(Chestnut Ridge) anticline and almost coincidently on the Milliken 
anticline, which starts slightly north of the Warfield and extends north- 
ward into Roane County. The greatest activity at present is in Poca and 
Union districts, west of the Milliken anticline, where several large wells 
are reported weekly. 

The definitely proved territory principally consists of three areas. 
The first of these, which has been described as the Campbell-Davis Creek 
pool, is on the Warfield anticline in Malden and Loudon districts southeast 
of Charleston. The second, known as the Cooper Creek pool, is at or 
near the southern end of the Milliken anticline in Elk district northeast 
of Charleston. The third, known as the Elk-Poca pool, is on the axis and 
western slope of the Milliken anticline in Elk, Poca and Union districts, 
principally north of Charleston. As of Jan. 1, 1938, there were approxi- 
mately 50,000 acres of proved territory in the three pools. Unit produc- 
tion is not definitely known but it should be at least 5,000,000 cu. ft. per 
acre, or at least 250,000,000,000 cu. ft. for the proved territory. In 
January and February of 1938, at least 10,000 additional proved acres 
were added in Poca and Union districts. 

In addition to the gas, a considerable amount of gasoline is recovered 
from these Oriskany wells. The maximum, when the wells are new and 
operating at the highest pressures, is about 700 gal. per million cubic feet 
of gas. With declining rock pressure, or with the use of the bottom-hole 
choke, less gasoline is recovered, so that the general average may be only 
300 to 500 gal. per million cubic feet. 

In other counties, the exploration for gas and oil in the Oriskany sand 
has shown indifferent results. In Peytona district, Boone County, an 
Oriskany well with 300,000 cu. ft. of open flow and 1230 lb. of rock pres- 
sure (15-hr. test) was completed in 1937. Various others in the same 
county, drilled in 1937 or previously, have been dry. In J ackson, Lincoln, 
Putnam and Roane Counties, all of which adjoin Kanawha, various 
Oriskany tests have now been drilled, resulting in dry holes or salt water. 
In Wirt County, farther north, two Oriskany tests on the Burning Springs 
anticline went to salt water after making only slight shows of oil or gas. 
In Wood County another test, considerably west of the Burning Springs 
anticline, showed 6 bbl. of oil and a little gas, but has been, or willbe, 
abandoned. In Hancock County, at the extreme northern panhandle of 
the state, a completion in 1937 showed only a slight amount of oil, fol- 
lowed by salt water. In Wayne.County a test (Oliver Viers No. 1 by 
Chartiers Oil Co.), which went deeper than the Oriskany horizon, meas- 
ured 300,000 cu. ft. of open flow in the Newburg (Sil.) sand. The same 
company has two or three other Newburg wells in this county. 
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New wells, outside of the proved areas, are now drilling to the Oriskany 
in Clay, Harrison, Jackson, Kanawha, Wirt and Wood Counties, and a 
test to the Clinton sand (Sil.) is progressing in Hampshire County where 
the structure is highly folded. 

Table 2 shows the result of wildcat drilling, mainly to the Oriskany 
sand, throughout the state in 1937. Table 3 shows the exploration now 
in progress. Table 4 gives the details of Oriskany drilling in Kana- 
wha County. 

A very good account of exploration in the Oriskany sand in West 
Virginia is afforded in a recent paper by Lafferty. The Elk-Poca pool of 
Kanawha County, however, has been considerably extended to the north- 
west and southwest since the completion of Mr. Lafferty’s paper. 


TaBLE 4.—Oriskany Sand Wells, Kanawha County, West Virginia 


Completed before 1937 Completed in 1937 

Num- 

ber of 

Gas Wells Gas Wells Wells 

Magisterial District Dry | Total Dry | Total | Tota) | Drill- 
Soa rg oe oit,_ | Num=| Num-| ing in 

N - TI8- er 0 - r1s- ero . 

ber of ae ee kany | Wells ber of ae Gal kany | Wells Wells 1938 

Big Sandy....... 1 0 il il 0 0 0 0 1 1 
‘Cabin Creek..... 2 0 2 2 0) 0 1 1 3 2 
* Charleston....... 1 0 1 1 0 0 0 0 1 0 
TDD lp ee a Cn 25 | 106,051 5 311} 37 | 178,210) 3 40 71 PH 
Jefferson......... 0 0 1 1 0 0 0 0 1 0 
Meudon. care os an 7 2,703 4 11 0 0 1 i 12 1 
14 al Vo V5 tot ee certo 19 | 47,971 3 22 WWE 20547" 1 14 36 8 
[OCA a csdicstie se 9 74,187 0 9 45 | 487,292) 0 45 54 67 
Simronee ws coca 0 0 0 0 5 | 5,905} 0 5 5 6 
Washington...... 0 0 0 0 0 0 0 0 0 1 
64 | 230,912) 17 78 | 100 | 691,954) 6 106 | 184 | 1138 


1 Includes one oil well completed in 1934 with 158 bbl. daily production. 


OPERATING TECHNOLOGY 


Routine handling of oil and gas wells has been mainly followed through 
the year. In Wayne County, however, a Koppers phenolate process for 
purifying sour gas from the Newburg sand was installed. In Kanawha 
County some operators are now using a Peerless automatic separator in 
the extraction of gasoline from the Oriskany gas. In this device the gas 
goes into a tank, where the gasoline is thrown out by a series of baffles 
and the outlet valve is automatically tripped when enough gas pressure 
has accumulated. 


1R, C. Lafferty: Bull. Amer. Assn. Petr. Geol. (Feb. 1938) 22, No. 2, 175-188. 
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Pipe Lines and Markets 


Several large pipe lines were built in 1937 to handle the new Oriskany 
sand gas of Kanawha County. As of Dec. 1, 1937, United Fuel Gas Co. 
completed and put into operation a new line from Cedarville, Gilmer 
County, northward to Majorsville, Marshall County. From Cedarville 
northward for 7 miles to Camp compressor station, the line is of 20 in. 
outside diameter. From Camp compressor, 3 miles east of Glenville, the 
line is thereafter 16 in. O.D. for the remaining 83 miles. This 90-mile 
line affords to United Fuel a means of transporting 50,000,000 to 60,000,- 
000 cu. ft. of gas daily from its existing lines at Cedarville to the lines of 
Manufacturers Light and Heat Co., an affiliate, at Majorsville. Camp 
compressor contains two units and affords a working pressure of about 
325 pounds. 

As of about Dec. 1, 1937, also, Godfrey L. Cabot, Inc., completed a 
12-in. O.D. line from its Oriskany sand gas wells in the Elk-Poca pool, 
near Sissonville, Kanawha County, northeastward 42 miles to its Oakes 
compressor station near Big Bend, Calhoun County. From Oakes 
compressor gas will move through existing Cabot lines to a connection 
with Manufacturers Light and Heat Co., a few miles distant. For the 
present no compression is required in the field, the gas being moved by 
the impulse of rock pressures in the wells. The operating pressure of the 
line is 300 to 350 Ib. and should afford a daily capacity of 30,000,000 cu. ft. 
or more. 

In 1937, also, Cabot built an 8-in. line from the Oriskany gas wells 
near Sissonville southward to the vicinity of Charleston. From this 
point gas may move through an existing 6-in. Cabot line to the Campbell- 
Davis Creek pool southeast of Charleston. From the latter pool another 
new 8-in. line of Cabot, built in 1937, continues southeastward to Jackson 
station of Hope Natural Gas Co. in the vicinity of Chelyan, Kanawha 
County. The new construction affords to Cabot a considerable further 
outlet for Oriskany gas. 

In 1937, Cabot also built an 8-in. line from a point near Beckley, 
Raleigh County, eastward 21 miles to the city of Hinton, Summers 
County, where the company will distribute gas. 

The price of crude oil in West Virginia, $1.82 per barrel as of Dec. 1, 
1937, has been a discouraging factor against new operations. The field, or 
well-mouth, price of gas, also, has sharply declined. The best price that 
an operator may now obtain is about 12¢ per M cu. ft., and there are 
many indications of a further decline in 1938. 


By Countirs 


Table 5 shows by counties the new development in West Virginia 
during 1937. This information is mainly gathered from trade journals 
and private reports. The summary of completions differs considerably 
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from that published by the West Virginia Department of Mines, because 
of the lag occurring between completion dates and reports to the depart- 
ment. There is no comparison for initial well capacities because these 
are not reported to any public agency. 


TaBLE 5.—Summary of New Development in West Virginia during 1937 


Oil Gas 

County or Wells Hees 

Drilled Number | Bbl. per | Number M Cu. Ft. 

of Wells Day of Wells per Day 

BOONE ase vale hess 62 4 22 54 18,170 4 
SPAR bOLe eet ie, Bote. 38 31 12,041 te 
BROOK GA Rat mChtwiic asec: 2 1 1 
(COSINE GAS OS Sees 49 48 17,863 1 
@alhouneiem. cen ae 78 16 184 46 38,366 16 
(CHEN iota eeahs oa mtieegee See 5) 10 94 3 496 2 

Woddrid yehet.. cee ete ae 8 1 8 2,550 

JUS vectg riot Stee 2 2 368 
Guilmvengh are. bed ake hk. 100 | 6 46 82 63,816 12 
Htanecoclte cs cs ore 6 4 10 2 

PlarrisOliane ey fica n ea 15 15 3,440 
MACKS Oper eern chat ese ect 10 4 13 6 
TREK AO: RA rel Otc eee 147 5 61 134 754,969 8 
JERI eccle e eC 10 9 2,335 1 
Him Ole teins ee ares ccd 53 8 104 44 25,680 1 

Logan. Rate eee. 2 2 

INGER GLaW, Aeon St aameechemtacncae 22 3 10 Al? 6,733 2 
Mir 53 Pe ewae es bee 19 2 22 16 8,221 1 
INMGIS(On Os ce, ence ens Poe tae 3 1 1 1 100 it 
NV Tia Oe aiqerencie sy acet ancie 5 4 3,725 1 
Monongalia’.........%. 15 2 15 11 2,003 2 

INDGROlAS aves Mice lacus 1 1 100 
Pleasants a: oon cele nets 40 ig, 24 10 1,542 13 
IBUEMAMI iy, jsels st Gm oe a 5 2,100 2 
PRaUGIMeM agree 8 ohana te bs 127 42 249 56 17,357 29 
HVORMICE Gomer keh i lacus 44 16 152 16 15,147 12 

DA LOM Ser emi «ideo tans 3 1 1 1,350 
MIN ler Stuer, Steet is casaec che 28 13 43 5 5,670 10 
(Uj selivitn gee gs Bawa cee 11 10 2,542 1 
VGA VITIO MS eaeeites rela 28 1 5 26 17,010 il 
Wiebzeliw ita ata 39 11 79 19 23,779 9 
SVN ast etter nates cans far 36 14 42 4 534 18 
WO Ochna arity hater ie, 18 13 61 50 5 
ERotalariner etna 1,041 193 1,238 680 1,048,057 168 
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Oil Development and Production in Wyoming in 1937 


By E. W. Kramprrt* 


O11 development continued active in Wyoming during 1937, with much 
of the interest centered on prospecting for new pools, following a rather 
intensive seismograph play in 1936. 

The new fields of Lance Creek, Medicine Bow and Quealy were the 
centers of intense development in proved areas, but routine drilling 
occurred in most old fields. A new and deeper producing horizon (the 
Leo sand) was opened up in the Lance Creek field, which materially 
extends the producing area and will probably account for continued 
active development during 1938. 

The discovery in 1936 of oil in the Eocene Wasatch formation at 
Powder Wash, northwestern Colorado, tended for a time to stimulate 
prospecting in the deep Tertiary basins, but this interest as rapidly 
declined after drilling several failures on similar structures and the dis- 
covery that the productive area at Powder Wash itself was very small. 

A most interesting test of an Eocene structure was drilled by The 
Superior Oil Company of California on the South Baggs structure, in 
Carbon County, Wyoming. South Baggs is one of the best developed 
structures in the Red Desert Washakie Basin, which also includes the 
Hiawatha gas field and the Powder Wash gas and oil field. 

The Superior Oil Co. started the well according to contract but appar- 
ently had lost interest in the prospects, for it abandoned the well at 
2138 ft. without testing the oil-bearing and gas-bearing horizons of 
the Wasatch. 

The Sinclair Wyoming Oil Co. drilled a deep test in the Muskrat gas 
field to the Madison. This well discovered oil in the Embar formation, 
which was considered noncommercial because of depth. After the Embar 
was abandoned the hole was plugged back and the various sands tested 
by shooting through the casing with the Lane-Wells gun. The Lakota 
sand was found to contain high-pressure gas and the well was completed 
as a 24-million-foot gasser at 2175 lb. rock pressure. This is a new sand in 
an old field. 

The Italo Petroleum Co. drilled a flank well on the Hamilton dome 
structure and found oil in the lower Embar formation. This merely 
extends the limits of production, as one old well on the structure had 


Manuscript received at the office of the Institute March 16, 1938. 
* Consulting Geologist, Casper, Wyoming. 
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TaBLE 1.—Oil and Gas Production in Wyoming 


Area Proved, 
cres 


Age, 
; Years 
Field, County to End 


of 1937 


Line Number 


11] Alkelt Butte; Fremont. a oyaeick techs oe eee eee eee 9 40 
2-Allen Lake, Carbots sty ates Src css See oe ee ee ee 4 0 
3: Ant Hille, Neobrard:.sii cfs cna tod Seek ae eer Oe eee ee ee 10 40 
Baxter Basin (South), Sweetwater 
4 OMENS: Seniesa ortho re ainsi ota ere Re oak) ee 15 0 
5 Dakota a3 iiscaw cinta esaubus fe Oot tee Oa arnt tian BOTS en ee as ye oe 15 0 
6 POtals csi eB, accede Ee aCe eee or oe En ae ee ee 15 0 
Baxter Basin (North), Sweetwater 
7 Dakotarsc a2 avec ire cents aicc te iicicte eerie ea ate eae ne ee ll 0 
8 Bunidanees oo ssc. wae loiie dais acnehe eNom a oe ed an 9 0 
9 OGD 2 So) casei, oo Baa Aie e wrolubeu oe OS Saale sie ae ee ee pe ne ll 0 
10: Badger Basin; Parks oid ck Cee on cae ee Eee 7 300 0 
2,000 0 
12 Wall Creek sais cori, ofa co tern DIAC rae ys at ee ne ee aa 21 2,600 0 
400 0 
2,600 0 


300 
20 Sundance: : Acstheuk Ste cna area ae cee ea oe wshis Sas aes 17 50 
21 Bita bar 30% oe tsitcack eves otc ee on Oe oe ee ae oe ee 17 50 
22 DOG. sc 8G bia excels aes POT Reaches AIRE es te ee ce ee 17 50 
23's Boone Domne,.N atrond ..a% sss ascetics eee LE oe a PE rare 17 0 0 
24 | Bitoker Hill Carbon) £. tisy Sotho ee ee, SO es AA 1 0 0 
Byron Dome, Big Horn 
25 fn Sneak Py eas Peer es ML eT Sah Pe 15 0 0 
26 PUR AMG, 5a tifctas/a.d 8S iags al ese icine Gatco oe i ce os 8 40 0 
27 Himbar-Tenaloap 5 sty i4 | hipec Sh hte ok oe Bee ay Oe ee GSE 5 2,950 0 
28 DOA Mahe A Seuss suenberc Lath ea cstemtrts RM ake if ie: an ed 15 2,950 
20) / Circle; Fremont seg, Cohen Leino. ci aa eS ee ee ee nn he ae 14 250 0 
30); Dallas-Derhy; Kramont hoc. 20 cat schoves Cathe 5 Minas ne Oe a Cee em 54 350 0 
Dutton Creek, Carbon 
31 ATATIONN 55, a.576 dra side ein thepavenesela/elh 2 ola rate ce SraTerar atu? ee Olen TAT RTS ore encase omens 11 0 0 
32 Middiysaiha Sorctatiss: ston te shad tatty of SRRe  UernT es cleeayoty arate ache ae ace ie nn 11 150 0 
33 Po tell vstioit ie gk 0s Se GIS Se cs acca eee Ae OT als ek eee 11 150 0 
34; Hast iAllon Lake, Carlota. 0 keane eRe oo sea. a ake en 1 0 0 
35, || Rast Lance: Creal) Niobrard so. sik sscivoblco idk Gracia Satine teen ae 19 400 
West Ferris, Carbon 
36 MBI G bis ctesaoyayatesnsres RiclcR ie stele ncttoe Meth hhc ROE EAN oe ie ee 16 
37 BUnidanow ere: asada abrcto tes § se see RE Ae ee A te ok 12 
BD. ace LOtel sai. 0h feinalctay thats tra devas Seas hn oes bi Ris eRe Le ee eam 16 
39) | Bight Milo Dake) Carb  Aai.teton. clea aan ck aa ken 14 
Elk Basin, Park 
40 Hrongiers ids chic oh aaa men La Oo eOe ree Ee en ee ee 22 580 0 
41 Dakota. cis ois dart cle cirteen a uate aene Meta a eee > Sait eke IE oe ana 16 0 0 
42 WOtALY, palciets tay db slaw on Paste ant eM ceils CREM Orie eee cote a ee 22 580 0 
49: tunos Creek, Hob Spring’ saver acieiuschiss Lek aciecieec fC cee See A a 14 0 0 
44 \Rorrig}, Carbon. es, xy cet xiy cae RE Rt eee Re ek Co ee ae 20 200 0 
SH \Wourbeass Parhha says! ye tltersetia tn oR Oe ceeene Fee eee eee aE 9 500 0 
Frannie, Park 
46 St RECO TEE CRI ENA CO earner a as ets eee 9 500 0 
47 MIBOn 4 cars as sic Th waren Aa TRE SR AACA ates ele 8 10 0 
48 BP Ota Satin cS clare aan ae ik OO tape eI «Oe hae a rh ie 9 510 0 
Garland, Park : 
49 Brontion.3 ste 3 ones ums n tet hte teeie oe oh. deci be fie anise are Ra 30 40 0 
50 Dakota seth join os ast te Sak gee CTEM eA A ve en a ae 18 0 0 


Ss 


* Footnotes to column heads and explanation of symbols are given on page 313. 


: 
q 
q 
{ 
' 
: 
; 
? 
: 
¥ 
7 
1 
: 
Big Muddy, Converse 
11 RTO Da o.oo: .s ice alah e Siw. cicglatg's FS, nights avcla ig Dias acs eg ene 21 
13 Dakotas csptclecs sn sia sige cle ee, COC etic ae, Re etn 15 
14 Dota Socloes at bie iore Se Rae so Coe he ese OE ee 21 
Big Sand Draw, Fremont 
15 Wall. Creek0 030% sSyoce naa oi Peel ae ona ahaa cane Seen eae 20 
16 Lak otis. acct me tees See Pe eid ea Ee ae RIE 7 
17 Potalics Aire See COIS ce Aa oes, Tae ee ee oh a Oe ee 20 
18a Billy’ Cresk;, SOnTsON : cecte iota ete eee eee ee aD 16 
19. Blagk Mountain; HopSuringssect.c-clkan. neces eee cheat ee ee eee Soc 14 ; 
Bolton Creek, Natrona 
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; TaBLE 1.—(Continued) 
on See ce en sa a 


a Eeored, Total Oil Production, Bbl. Total Gas Trodocion, Millions 
(eae Maxi- 
7 Average 7 . A mum 
. | Gas | Total | ToEnd | During 1936| During 1937| during | ToEnd | During | During | pail 
8 of 1937 Nov. | of 1937 | 1936 | 1937 | during 
3 1937 1937 
o 
=| 
a 
1 300 300 8,130 0 0 0 0 0 0 0 
2 200 200 779 754 25 y 
3 0 40 7,378 0 0 0 
4 7,467 7,467 7,054 1,532 1,965 
5 4,310 4,310 : 12,191 1,913 2,303 
6 7,467 7,467 19,245 3,446 4,269 36 
‘G 1,280 1,280 7,603 1,945 1,585 
8 2,280 2,280 4,599 845 586 
9 2,280 2,280 12,202 2,790 2,172 13 
10 0 300 156,223 14,820 68,853 252 
11 0 2,000 a by x © 
12 0 2,600 x 2 x x 
13 0 400 x x 2 a 
14 0 2,600 25,255,249 519,032 484,217 1,278 
15 1,200 1,200 46,485 3,246 4,239 
16 300 300 0 0 0 0 
17 1,200 1,200 46,485 3,246 4,239 
18 700 700 2,393 383 380 y 
19 300 205,743 48,564 43,679 136 
20 50 x 0 x 0 
21 50 x 0 oc 0 
22 50 48,500 0 3,500 10 
23 300 300 4,071 18 23 
24 480 480 0 0 0 
25 500 500 3,153 376 277 y 
26 0 40 14,000 0 0 0 
27 0 2,950 1,179,103 283,338 403,765 100 
3 28 500 2,950 1,193,103 283,338 403,765 100 3,153 376 277 y 
om 29 0 250 0 0 0 0 
a 30 0 350 2,499,438 215,575 202,363 571 
31 800 800 1,090 163 102 y 
32 0 150 218,138 20,211 18,027 56 
33 800 800 218,138 20,211 18,027 56 1,090 163 102 y 
i 34 640 640 0 0 0 0 
35 150 550 440,000 11,000 10,500 30 0 0 0 0 
36 | 3,100 3,100 8,040 10 10 
37 3,500 3,500 16,139 329 180 
38 3,500 3,500 24,179 339 190 
39 250 250 4,870 98 120 
40 6 580 10,659,766 180,575 122,191 300 
41] 1,200 1,200 : 22,769 1,682 1,832 y 
42 1,200 1,200 10,659,766 180,575 122,191 300 22,769 1,682 1,832 
43 | 500 500 0 0 0 0 
; 44| 200 200 484,401 7,204 477 y y y i 
ee 45 0 500 0 0 0 0 
46 0 500 2,318,189 411,072 459,967 1,513 
47 0 10 87,073 5,500 4,323 12 
48 0 2,405,262 416,572 464,290 1,525 
000 342,700 2,700 0 0 294 294 y 
“ 0 0 0 20,4192 1474 502 y 


ing 1937 


Character of 
Oil, Approx. 
Average dur- 


— * - all a ee  ————eeeEE——eE———eaEeEeEeeE—eeeEeEeEeEeEeEeeEeEeEeEeEeEeEeEeEEee ee —_ _ ——— 


Pressure, Lb. 
per Sq. In.¢ 


of 1937 


Oil Production 
Methods at End 


Depth, 


Average in 
Feet 


TABLE 1.—(Continued) 


OIL DEVELOPMENT AND PRODUCTION IN WYOMING IN 1937 


Number of Oil and/or Gas Wells 
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; Deepest Zone 
rs head eae Producing Rock Tested to End 
Approx. Approx. of 1937 
Average Average 
during during 
1937 1937 
8 
2 = an 
ao 
3 nee 
g ge Name Ages ge Apr| Name 
a) 31 |¢.\3e Ble (eel e [eee a2 
Z| 28), | Se)/é= s| 2 i28| 2 sss Be 
2| 5/8) 55|28 3 & |es| 3 |ste BS 
Bla 1a [eo] SF) Syme jeter tee an 
1 M y\ y Morrison Jur 8 Por 30| A 18 | Chugwater 5,460 
2 y| y | Sundance Jur ) Por 40) A 4 | Chugwater | 4,083 
3) 0.1 | M Dakota CreU Ny) Por 6 ite 2 | Lakota 4,257 
4 1,020) y Frontier CreU s Por 16} AF 5 
5 760) y Dakota CreU 8 Por 50| AF 
6 AF 5 | Nuggett 3,822 
6 | Chugwater | 4,200 
7 1,000] y Dakota CreU 8 Por 20) AF 
8 935) -y Sundance Jur S Por 15] AF 
9 " 3 | Jurassic 4,546 
10] y ip Frontier CreU 8 Por 49} A 0 | Frontier 8,725 
11] y M Shannon CreU ) Por 65) A 
12} 0.17 | M Wall Creek CreU SS) Por 100} A 
13] 0.18 | M Dakota CreU Ss Por 15} A 
14 226 | Madison 6,597 
15 1,020} y | Wall Creek CreU S) Por | 150) A 
16 1,020} y Lakota CreU § Por 40; A 
17 3 | Sundance | 5,345 
18 890| y _| Frontier CreU |SH| Por 20} A 6 | Big Hornlime| 7,775 
19| 2.85 Embar-Tensleep Per-Pen | L-S| Cav-Por| 135) A 2 | Madison 3,832 
0} 2.8 A Sundance Jur 8 Por 10} Af 
at SLOP A. Embar Per L Cav 15) AF 
99 11 | Amsden 2,867 
93 y| y | Shannon CreU ) Por 70} A 1 | Niobrara 5,200 
24 y| y | Shannon CreU s) Por | 250} A 3 |Sundance | 6,791 
25 y| y | Frontier CreU ) Por 30) A 
26| 0.38 | M Sundance Jur 8 Por 4, A 
Di 22, ay ok Embar-Tensleep Per-Pen | L-S| Cav-Por| 130) A 
28 10 | Amsden 6,700 
29| 2.84] A Embar-Tensleep Per-Pen | L-S| Cav-Por| 50) A Tensleep 650 
30) 2.4.] A Embar-Tensleep Per-Pen | L-S| Cav-Por| 150) A 23 | Tensleep 1,400 
: |e |sage Sear 
re or 
MA 08 Sy arse A 1 | Sundance 5,488 
34 1,020] y | Sundance Jur ) Por 48) A 2|Sundance | 2,180 
35| 0.14 | M y| y | Dakota CreU i) Por 95, A 5 | Madison 6,434 
36 1,060] y Dakota CreU 8 Por 30], A 
Sundance Jur iS) Por 110} A 
a Mea tel ee A | 1) Tensleep — | 4,690 
39 1,060] y | Dakota CreU S| Por 50} A 4 | Chugwater | 4,560 
40| 0.14 | P Frontier CreU S | Por 40| AF 
kot: CreU 8 Por 55| AF 
e Bieri hoe % AF | 39|Dakota | 2,450 
43 y| y | Frontier CreU § Por 40| A 0 | Dakota 3,992 
44| 0.45 | M | 1,060) y | Mowry-Dakota CreU Si LOE 25). A 35 | Embar 4,600 
45| 3.88 | A Tensleep Pen NS) Por 60; A 0 | Tensleep 3,350 
F 
46) 2.5 | A Tensleep Pen S | Por | 100) A 
M L| Cav 1| AF 
eS eee oo. : AF | 4|Madison | 3,230 
49 Frontier CreU Por 
Dakota CreU Por 
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Area Proved, 
Acres 
vite, | 
ears ' 
Field, County to End 
of 1937 
Oil and 
Oil Gas ‘ 
i} 
5 t 
Z 5 
sg 
3 . ae 
51 BrobarT ensl ep os 3.7.5, tite c wha nt iia do tt eae te Olea ev See Sa es eee te 10 160 0 
52 Ee a ee a RRS PRE a ie ede eB. eR yn oe 6 2,000 0 
53 Total cS, aie s:- astacd te sate avels Sa niecg ede Mea Te a Rac cl 30 2,000 0 
642Golden Hagler Hot Smringens occ. utoicei ster ne ee iain ei eee eo ee 18 0 0 
‘55 | Gooseberry Parks a: crictns Noes sc See eee ee Le eon ee 1 500 0 
Grass Creek, Hot Springs 
56 rontier’ 2. 8.0).4.25 Sova ee oat ae ee FT ik ee a Bete eee Ne ie 23 1,400 0 
57 rabar=T énslegp 2 vss seks cece rie ome cine a oe ke eee eat Se ae eee 16 2,000 0 
58 AD otal 5c ore Pa Ah choc aetiet a este akote uc Ae eee eee or ee 23 2,000 0 
50-1 Grey bull: Bag sk ort: Bieicmtvete accrue arena ciate eat eee ox arene 29 640 0 
60'| Hamilton; ot Springs. us sons cide care serciotona, Seon ee ae ee are ice ee eee 19 2,000 0 
61. Hidden. Dome, Washakien. 2% Secanccenee aes 0c aoe noe eee eee 20 200 0 
62)|'La Barge; Dincolu-Sublette’s \ Seateu cn see aatr Poec ee nan hen eee ee eee eee 14 950 0 
63: | Lake:Creek; Hot Springss : ce: £0. ote © came Seer ee eee ee eee 12 100 0 
Lance Creek, Niobrara 
64 Dakotas yes sdeaiescat nur Mead omuetrat ie oUt ee Oa ee ere ete en 22 1,000 0 
65 Sundance, hirer Raseae See Po ta Oa es ee eS ae eae 7 1,700 0 
66 Minnelusa..: 735- ltscb borer site Wi eieare eae aah eee 1 5,000 0 
67 TLOtalincagn tees setugs he ton ae Pee ah Ac eerie ae ee eee See 22 5,000 0 
68), Lander. (Hudson), Fremont siesinc soe seat ceiits sean ee Jae < toons alee cen ieee 19 340 0 
(60: Little: Buffalo Basin, Parks. ccsmeaccchcatec eet eate cae: ee aee 23 0 0 
70) Little Poldoat, Park. 5-05 Bee euien oS ecles ee ee sleek eee 19 0 0 
Lost Soldier, Sweetwater ' 
71 Broitien <5. oct oct sa tes sain dies he tle A eae RE ee oe tenn ee 21 160 0 
72 Dakota-Lakoband). ics cote serine e aitanee cs che ee ok dcthoe ee eae 18 450 0 
73 Bumdancé:< sanrn.s coke cae tae Ooo oot Cee anh ine ae ae een ae ll 160 0 
74 Renaleerye "5.67. « stsatos © Se tae Gece ae ise rena greet Mic ene ee eee 7 160 0 
75 Totaly Pea erctatonin Rise oe eae fae Sa ee Ne ote es Eee eee 21 450 0 
Mahoney Dome, Carbon 
76 DAKO Secs siesta: sys e Mackeinte ‘dims ers SVetrieetereha o/c oN oli ot IIEITEA eat nel 18 0 0 
77 DUNdANGO Ao; oi a - Bucs ate oe Mice, nee Tne 2 en See ee ne 13 0 0 
78 Terisl GOP) irass gases tapes wee ae ee aT aan CEE SHE oe eee 8 200 0 
79 BPDB A cco apis ve «ee coo ae Oe Rn ee Geek cae 18 200 0 
80) Mavoricks Springs, Firemontine fs chests testa oo nee Hee Rea ee ne 20 1,400 0 
St |: Medinmie: Bow; Carbon se kyrne.. ch ch erates eerie ae ec ah eee eee 3 0 800 
$2:|' Midway Natrond.»., 2 otic seis te he rer eee Chee te ae ee oe 7 200 0 
Mule Creek (East), Niobrara ! 
83 Tak Ota i nciteyina-< tasomtteg a saat aetolede bate See mer tale Nota oaks RAR nee eee 17 220 0 
84 Minrieltisa 7% chee Be SR tare it Ue ee chee eng. fee eee 7 100 0 
85 Motalivoocsae nes LOO RE Ce Ron eh ctin comithss mAatamomer 17 220 0 
Mule Creek (West), Niobrara 
86 Dak Otaive. «Ries, ¢: telatteecainyece ste ti Mic utaneenrets otln c-cd ccc eee en 8 170 0 
87 Minnalaa yoy. scas tats op Fs. dete Tae ur ae ee pean Cee eee ee 6 400 0 
88 otal : jifetadas steia, craic pereauiielel ecoule Casey sade atten an an eee eres ee 8 570 0 
BO MuUbiK ath Femontss.. cae oatekics Mery cake tet race mee ck mate ieee eee a 10 200 0 
901) North Garland (Danker Domes), Park, oof os. ci a8 ah owns ca vaca tecccauceeeenny 22 0 0 
Ol North Casper Creek, Nalrona sna ar<scatieda cde ec nites TRRe ea Soe ene ee 6 100 0 
92) North Sunshine, Parka sowicet « cise ucladle Alples orate te eee cee eee ee 10 150 0 
OS Notolied, NGHONG sic vases seine suisse cone ieee Gat nae ger ere eickn ae eee 15 400 0 
Oregon Basin, Park 
94 DakOte bai Sy siaeicaith ole Soacke fe Sal eas ares BES Mttal ma eB i oeiee Ten 25 0 0 
0 
0 
0 
0 
Oo 
0 
0 
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| Line Number 


Area Proved, 


Total Gas Production, Millions 


ars Total Oil Production, Bbl. Cu. Ft 
oa Maxi- 
erage : : mum 
Gas | Total | ToEnd | During 1936) During 1937| during | T° End | During | During i 
of 1937 F ‘ ring | of 1937 | 1986, | 1987 | devine 
1937 1937 
1,650 1,650 0 0 0 20,6281 18,8781 1 y 
500 2,000 2,602,899 543,045 856,454 2,500 8711 Qu 8711 y 
1,650 2,000 2,945,599 545,745 856,454 2,500 41,850 19,025 950 y 
120 120 2,250 0 0 0 
0 500 1,696 0 1,696 
0 1,400 24,263,910 552,085 408,325 900 
0 2,000 1,738,427 1,517 242,410 1,000 
0 2,000 26,002,337 553,602 650,735 1,900 
160 800 245,212 0 62 0 Ey] 0 0 0 
0 2,000 4,538,501 368,911 411,590 1,100 
640 640 243,199 83,613 129,586 210 27,000 0 0 0 
0 950 5,111,140 428,436 381,704 1,000 
0 100 , 2,500 0 
3,500 3,500 4,385,553 35,000 36,553 100 59,800 900 0 
0 1,700 6,625,960 1,843,486 4,112,474 | 12,800 3,842 962 2,880 
0 ,000 116,107 0 116,107 500 0 0 0 
0 5,000 11,127,620 1,878,486 4,265,134 | 13,400 63,642 1,862 2,880 
0 340 1,868,895 109,116 112,779 315 
4,800 4,800 15,848 1,301 1,397 
500 500 837 144 136 
0 160 2,080,873 54,038 26,835 60 
0 450 11,496,207 122,794 106,913 300 
0 160 4,749,746 288,334 261,412 725 
0 160 570,889 0 64,889 360 
0 450 18,897,715 465,166 460,049 1,445 
1,400 1,400 800 14,410 100 10 
1,660 1,660 0 4,223 650 184 
0 200 1,500 0 0 0 
1,660 1,660 2,300 0 0 0 56,633 750 194 
0 1,400 0 0 0 0 
0 800 1,548,451 184,920 1,363,531 4,375 1,335 285 1,050 
0 200 175,617 14,668 10,149 32 
0 220 1,200,826 6,826 0 0 
0 100 3,750 0 0 0 
0 220 1,204,576 6,826 0 0 
0 170 y y y y 
0 400 y y y y 
0 570 36,000 5,421 7,316 30 
500 500 Not commercial 4,582 758 1,099 
800 800 30 9 10 
0 100 1,874 0 0 0 
0 150 0 0 0 0 
0 400 170,000 0 0 0 
“1,300 1,300 1,785 229 261 
0 | 10,000 8,628,147 915,041 1,447,106 2,200 
1,300 | 10,000 8,628,147 915,041 1,447,106 2,200 1,785 229 261 
10,000 3,939,425 267,274 280,151 800 
0 250 541,829 9,189 10,640 20 
400 400 0 0 0 0 
400 400 541,829 9,189 10,640 20 0 0 0 0 
0 300 0 0 0 0 
0 45 11,700 Abandoned 
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Charact D 
or Oi, a Producing Rock eros 
Approx. Approx. of 1937 
Average Average 
during during 
1937 1937 
es 
————__-—_—- Twn 
ao 
3 3 mig 
5 ae Name Agel ge A Bt Name 
q 4 by 3 5 SS 8-41 . |sAS . 
5| .6 243| 3 3 ie ie Oi) POO Maney ae 
Z\ 80). | os |o= 3| 2 (B#| 2 |e8% ae 
e\es|2|34\as f; 2 128.8 (S23 2g 
a q iS} o = me 
3 am a ge ra) a 5 s Zs - BS IZ of am 
51| 3.0 | A | 900) y | Embar-Tensleep Per-Pen| L-S| Por-Cav| 100) A 
oA 3.0 | A | 900] y Madison Mis L | Cav | 300) A 
83 | Madi 
54 2| x Mesaverde CreU Sy) Por 50) A 5 Coda a coe 
55) 2.0 A Embar-Tensleep Per-Pen| L-S| Cay-Por} 50) A 2 | Tensleep 6,076 
56) 0.14 | P Frontier CreU tS) Por 200; A 
57| 2.6 A Embar-Tensleep Per-Pen | L-S | Cav-Por| 200} A 
58 A 85 | Amsden 4,335 
59} 0.0 | P z| 2 Greybull CreU Ss Por 20) AF 115 | Tensleep 2,950 
60| 2.39 | A Embar Per L | Cav | 110) AF 2 | Embar 3,246 
61| 0.ly | P y| y | Frontier CreU | S | Por 5| AM | 20 | Morrison | 2,785 
62| 0.18 | M Wasatch Eoe 8 Por 150} AF 53 | Hilliard 4,210 
63). 322) |) A Embar Per L Cav 30; A 2 | Tensleep 3,830 
64; 0.14 | M yy Dakota CreU S) Por 65} A 
65) 0.14 | M yl y Sundance Jur s Por 65, A 
66| 0.14 | M Minnelusa Pen 5 Por 60| A 
67 Granite 6,434 
68) 2.9 A Embar-Tensleep Per-Pen | L-S| Cay-Por| 185) A 8 | Tensleep 2,190 
69 1,000) y Frontier CreU $ Por 100) A 4 | Mowry 1,670 
70 yl y Frontier CreU 8 Por 15; A 0 | Frontier 4,420 
71| 0.15 | M Frontier CreU 8 Por | 200) Af 
72| 0.15 | M Dakota-Lakota CreU i) Por 80| Af 
73| 0.15 | M Sundance CreU. 8 Por 300} Af 
74| 1.4 M Tensleep CreU iS) Por 40| Af 
75 Af 37 | Tensleep 4,009 
76 1,140) y Dakota CreU § Por 30) A 
77 1,140} y Sundance Jur iS) Por 110) A 
78| 1.3 | M Tensleep Pen $ Por 160} A 
79 A 6 | Tensleep 4,690 
80| 2.9 A Embar Per L Cay 50| A 3 | Tensleep 2,094 
81) y A yl y Sundance Jur Ss Por 140; A 6 | Chugwater | 5,910 
BA ObSaul A Wall Creek CreU § Por 30} A 4 | Chugwater | 6,689 
83} 0.17 | M Lakota CreU SS) Por 25)" A 
84) 2.4 A Minnelusa Pen s Por 10} A 
85 A 11 | Minnelusa | 3,185 
86} 0.1 | M Dakota-Lakota CreU s Por 30} A 
87/ 1.0 | M Minnelusa Pen H Fis 10} A : 
88 A 24 | Madison 3,047 
89} y A | 1,060} y Frontier-Lakota CreU Sy) Por 150| AF 5 | Madison 8,200 
90 yl y Frontier CreU ) Por 30| AF 1 | Frontier 2,800 
91) y A Tensleep Pen iS) Por 10} A 2 | Tensleep 3,308 
92] 3.9 A Tensleep Pen i) Por 60} A 1 | Tensleep 3,712 
93| 1.7 A Tensleep Pen S Por 40| A 4 | Tensleep 2,830 
94) y\ y Dakota CreU 8 Por 35| Af 
95| 3.3 A Embar-Tensleep Per-Pen | L-S| Cav-Por| 150) Af ; 
96 Af 8 | Madison 4,160 
97; 0.10 | P Newcastle CreU iS) Por 10} ML 56 | Minnelusa | 2,285 
98) 0.1 1 Niobrara CreU 3h Fis g| A 
99 yl y Muddy CreU 8 Por 18) A 
100 A 46 | Sundance _| 4,630 
101| 3.87,| A Tersleep Pen S Por 40) A 0 | Tensleep 3,903 
102} 0.19 | P Mowry CreU H Fis z| N 18 | Embar 2,500 
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previously tested this horizon but had reported it as in the Ten- 
sleep formation. 

The total production from a few of the larger fields is shown in Table 3, 
for comparative purposes. 

Gas production showed a large decline in 1937 because the 1936 figure 
included a large loss of gas from a wild well in the Garland field. Actually 
the gas produced for consumption in 1937 showed a small increase 
over 1936. 


PRODUCTION PRACTICES 


Production practice in Wyoming has shown little change during 1937. 
The method of casing through sands and perforating the productive 
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zones with the Lane-Wells gun type of perforator is attracting some atten- 
tion and has been used in some instances. The electric logging of wells is 
becoming standard practice for correlation purposes, but has not been 
successful in determining the oil and gas content of producing horizons. 

Stanolind undertook to develop the Tensleep horizon in the Salt 
Creek field in 1937, but completed only one small well. Several other 
tests are under way. 

In 1937, The General Petroleum Co. started a test on the Cole Creek 
structure in Natrona County, 13 miles northeast of Casper, which will be 
a 1938 completion. This is an excellent structure, though deep, and the 
test will probably result in the discovery of a new oil field of 
major proportions. 
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Area Proved, : : Total Gas Production, Millions 
ures Total Oil Production, Bbl. iba sen 
jeawd Maxi- 
verage 4 2 mum 
‘i Gas Total To End Duri 7 ; To End | During | During * 
s of 1937 uring 1936 | During 1937} during | “oF 1937 | 1936 | 1937 eek 
g 1937 1937 
aq 
o 
a= 
ia 
103 400 400 856,162 75,411 110,751 460 5,600 Exhausted 
104 80 80 10,990 y 9,990 10 y Exhausted 
105 150 150 0 0 0 0 
106 0 160 357,251 86,714 270,537 875 
107 0 200 220,514 1,060 5,254 0. 
108 0 1,300 16,865,074 467,441 443,633 1,735 
109 0 500 449,541 169,000 280,541 1,090 
110 0 1,300 17,314,615 606,441 724,174 2,825 
lil 0 4,350 47,130,566 293,900 331,666 900 
112 0 | 21,450 | 207,235,274 4,604,700 4,447,574 | 12,300 
113 0 2,030 16,532,535 661,500 686,035 1,900 
114 0 660 5,951,837 454,900 434,937 1,300 
115 0 640 65,000 0 0 0 
116 0 | 21,450 | 276,915,212 6,015,000 5,900,212 | 16,400 
117 0 200 55,400 Abandoned 
118 0 200 10,060 10,000 60 0 
119 0 160 163,050 0 0 0 
120 0 240 2,359,384 105,689 118,865 500 11,292 Exhausted 
121 0 300 0 0 0 0 
122 0 80 8,919 0 8,919 25 
123 0 2,000 33,200 0 33,200 230 
124 0 400 101,593 3,000 4,303 15 
125 oe aw 2,640 3,000,000 0 0 0 
126 700,764 7,287 6,477 28 
127 Ed 2,640 3,700,764 7,287 6,477 28 
128 0 600 96,000 0 0 0 
129 0 160 280,910 18,518 5,242 30 
130 0 100 187,846 14,197 81,649 248 
131 100 100 700 Abandoned 
132 500 500 34,100 500 100 
133 500 500 25,017 2,094 §23 
134 200 200 ’ 2,000 200 400 
135 250 104,003 1,000 103,003 437 
500 | . 250 104,003 1,000 103,003 437 61,817 2,600 1,023 
35,927 | 107,232 | 433,606,037 14,487,802 | 19,595,869 | 53,468 408,737 | 40,258 | 22,629 
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The Stanolind started a test in 1937 on the Beaver Creek structure in 
Fremont County. At the end of the year the Frontier sands containing gas 
had been reached, but the well is being continued to test the Dakota 
horizons also. This test should also be a 1938 completion and will 
probably result in the discovery of a new gas field. 

The intense seismograph play of 1936 was followed by drilling tests in 
1937 and some analysis of results is becoming available. 

The seismograph as an adjunct to geology is a success in Wyoming, 
and the continued use of the method of checking geology in obscure or 
covered areas is assured. 


TABLE 1.—(Continued) 


- : Character of 
Depth, Oil Production Promirorlh Cis Asarde 
Number of Oil and/or Gas Wells Average in | Methods at End ee ey i 
a Feet of 1937 per Bq, in. By re 
Durin; Number of Average at | Gravity A.P.I. 
1937" At End of 1937 Wells End of | at 60°F. 
3 o 
o 8 
5 on | eS - = 3 
SalylBlee alor| 2 of | wf En 
E/E. | E| eles) eelraiea) 2] e2| SS | | 2 | les] _ | 1996/7] 8 | s 3% 
Zz ez| 2/3 Esl ec leeleal ze ssies|—e| é 3 (eg) 3 a |= (BS 
| aa] a/S Sel] ee q 5 aS 5S a|.& [so 
4 |88| 38/262] £5 |£3|£5/24/ 34 | ef | S| 3 | 3 ea] 3 2|\ 3 
103 19} 1; 0 0 14} 0 0 14| 1,425 | 1,400 0 14] 0 525| Exhausted | y 7] 22 
104 0} Oo; O 1] 0 0 1} 820 650 0 1] 0 200} Exhausted | y | y | 32 
105 701,10) 0 0} 0 0 0} 1,350 | 1,815 530 y| 525 
106 U7] LU) al 0 15] 0 0 15] 3,320 | 3,260 0 15} 0 7 y | 35 
107 4; 0} 0} O 0 0 3} 3,900 | 3,800 0 3} 0 y y | 34 
108 60; 0} O}| oO} 41) 0 0 41] 3,300 | 2,600 0 41} 0|G 7] y | 35 
109 11; 2} OF} 0 ll] 0 0 11] 3,250 | 3,150 3 8| 0|G y jy | 33 
110 71] -2h.0h 0 52) 0 O| 52 0 49} 0 
111 306} 0 200 1,100 | 1,000 y y 36 
112 | 1,580) 0 1,575 | 1,535 G y y 36 
113 57) 0 45 2,350 | 2,300 G y jy | 36 
114 41) 0 35 2,875 | 2,750 G y y 35 
115 1 5 3,980 | 3,970 G y ty | 35 
116 | 1,990} 0] y| 200/1,500} oO 0; 1,500 y jy | 28 
117 18} 0} O} O 0; 0 0 900 | 800 0 0} 0 2” ented 
118 4; 0} 0 2 0} 0 0 0} 2,100 | 2,035 0 2} 0 y y 25 
119 12) 2) 2 3 0) 0 0 0) 675 625 0 3) 0 y y 21 
120 17| 0} O 0 17} 0 0 17| 2,700 | 2,600 0 17| 0 yl y 15 
121 1; 0} O 1 0) 0 0 0} 2,514 | 2,475 0 0} 0 y y 18 
122 6} 8) 2 0 5} 0 0 5} 1,125 | 1,100 0 5| 0 vo iv }22 
123 3} 0} O|] 0 Lie0 0 1] 4,255 | 3,660 0 1] 0 y jy | 16 
124 30} 0} O| O 2} 0 0 2} 900 0 2} 0 rae We Was 3 
125 47; 0} O| 47 0; 0 0 0| 2,950 | 2,900 0 0} O G~) 7 185 
126 15} 0] O} 13 2} 0 0 2| 1,600 | 1,200 0 3)P20 y jy | 85 
127 62] 0} 0] 60 2); 0 0 2 0 2) 0 
128 | 30| 0} 0] 30} of o| of of 600] 400| 0] o| o y ly | 46 
129 441 0] 0} 20 17} 0 0 17} 800 700 0 17| 0 a lab 21 
130 2} 0} O| O 1) 0 0 1| 3,807 | 3,775 0 1] 0 vy iy | 28 
131 2} 0} O|] O 0) 0 0 0| 2,260 | 2,210 0 0; 0 850} Exhausted 
132 41 0} O|} O 0} 0 3 3} 3,550 | 3, 0 0} 0 1,940 y| 280 
133 3} 0} 0} 0 0} 0 3 3| 3,750 | 3,700 0 0) 0 1,940 y| 280 
134 1; 0} O} O 0) 0 1 1| 4,120 | 4,100 0 0) 0 1,520 vy} 480 
135 2} 1] O| O 2; 0 0 2) 5,886 | 5,859 2 0) 0 vy ty | 8 
136 10), -1)7° 0), 40) 2} 0 7 9 2 0} 0 
4,515} 97] 25} 600] 1,458] 14 | 132 3,185 81 | 1,555 
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The method used by some of the Mid-Continent companies in shooting 
blanket areas without the advantage of previous geological study by 
experienced geologists has thus far proved a complete failure. 


PRODUCTION 


During the year 1937, Wyoming produced 19,595,869 bbl. of oil, a gain 
of 5,108,067 bbl. over 1936. This large increase was mainly due to the 
new development in the Lance Creek, Medicine Bow and Quealy fields, 
which contributed their first production in 1936. Heavy black oil from 
the Permian, Pennsylvanian and Mississippian continued to be a drug, 
on the market with many fields shut in, but facilities for handling and 


TaBLE 1.—(Continued) 


a EAA IA Ee ————————E—————e ee a Te 


Charactei a ‘ Deepest Zone 
of Oil, Cea aay Producing Rock Tested to End 
Approx. Approx. of 1937 
Average Average 
during during 
1937 1987 
~2 
es} m2 
ao 
$ ic 
= on Name Agef aS A va re Name 
3 EE g q as Po 
coer g.:| 2° Bt 4 eel Be lces sé 
Shee} s|2a\o% 2) = (Es) 2 des 28 
| oe =5/82 2 igel| @ Ape ac 
4/2" | |ac|s* a £ | 2 25" ar 
103] 2.8 A y\ y Sundance Jur $ Por 35| A 5 | Granite 4,119 
104; 0.1 M a) 2 Dakota CreU 8 Por 25] A 4 | Sundance 1,633 
105 yl y Frontier CreU 8 Por 35) A 14 | Chugwater | 3,460 
106} 0.2 | M Muddy-Dakota CreU 8 Por 60) A 2 | Sundance 4,207 
107| 0.37 | M Dakota CreU s Por 50) A 1 | Lakota 3,930 
108} 0.26 | M Dakota CreU S) Por 110} A 
109] 0.26 | M Sundance Jur 5 Por 100} A 
110 11 | Embar 5,627 
111} 0.15 | M 1st Wall Creek CreU 8 Por 110} Af 
112} 0.15 | M 2nd Wall Creek CreU 8 Por 65) Af 
113) 0.15 | M Lakota CreL s Por 20; Af 
114) 0.4 | M Sundance Jur Ss) Por 70) Af 
115) 1.3 M Tensleep Pen NS) Por 190} Af 
116} 2.3 A Af Granite 5,400 
117-2 M Shannon CreU S Por 75| MUP 41 | Shannon y 
118} 2.9 A Embar Per L Cav 75| A 2 | Tensleep 3,905 
119] 0.17 | M Quealey CreU i) Por 40} A 15 | Steele shale | 6,931 
120| 4.5 A Tensleep Pen 8 Por 150} A 5 | Tensleep 2,500 
1213215 A Embar Per L Cav 40| A 0 | Embar 2,514 
122) 3.24 | A Sundance Jur 8 Por Dalal 8 | Tensleep 2,705 
123) 3.91} A Embar-Tensleep-Amsden | Per-Pen | L-S| Cav-Por| 270 A 2 | Amsden 4,255 
124) y M Aspen CreU H Fis z| MC 65 | Bear River | 2,065 
125] 0.15 | M Wall Creek CreU § Por 40| Af 
126) 0.15 | M Shale CreU H Fis a| Af 
127 Af 10 | Frontier 3,140 
128} y rp Mowry CreU SH | Por 50} A 95 | Madison 4,165 
129| 3.24] A Embar d Per L Cav 50) A 7 | Tensleep 1,590 
130} 1.8 A Embar Per L Cav 35| A 5 | Tensleep 4,246 
131 1,060) 0.25] Frontier CreU 5 Por 50) A 
132 1,060) 0.25) Dakota CreU Ss) Por 50) A 
133 1,060} 0.25} Lakota CreL 8 Por 40} A 
134 1,060} 0.25) Sundance Jur § Por 20| A 
135| 1.4 A Tensleep Pen S Por 27} A 
136 A 2 | Tensleep 5,883 
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market for the products are gradually increasing. Wyoming in 1937 
produced 4,716,208 bbl. of heavy oil, an increase of 1,559,534 bbl. 


over 1936. 


Salt Creek is still the largest producing light-oil field in the state, 


Lance Creek trailing closely for second place. 


It is probable that these 


fields will reverse positions for annual production in 1938. Oregon Basin 


TaBLE 2.—Summary of Drilling Operations in Wyoming in 1937 


Important Wildcats Drilled in 1937 


Location 
Total Surface Deepest 
Count; Depth, : Horizon 
y Sec. Twp. Ree. ee Formation Tested 
Survey | Lat. Long. 
1 | Niobrara (Lance Creek)...................... 35 36 N 65 W | 5538 | Pierre shale Minnelusa 
2 | Niobrara (East Lance Creek)................. 29 36 N 64W | 6434 erre shale | Madison 
3 || Goshen’ (Jay: Bim)i Use 0s. ge on ieee eee 28 29N 62 W | 3090 | White River | Granite 
4 | Laramie (Cheyenne Area).................... 13 13 N 68 W | 9385 | White River | Chugwater 
5 | Natrona (Cole Creek)...... 21 35 N 77 W | 4626 | Laramie Shannon 
6 | Carbon (East Allen Lake).................... 18 22 N 78 W | 2180 | Niobrara Chugwater 
7 | Carbon (Simpson Ridge)..................... 20 21N 80 W | 5619 | Mesaverde Steele shale 
8 | Carbon ey FU) Ske), ee ce Come el 29 27N 89 W 1488 | Mesaverde hannon 
9 | Carbon (South Baggs)....................... 7 12N 92 W | 2138 | Wasatch Wasatch 
10 | Fremont (pecscy RE RECO Et tute th eoaar & 1 33 N 92 W | 8112 | Steele shale Madison 
11 | Fremont (Beaver Creek)..................... 3 33 N 96 W | 6575 | Wasatch Frontier 
12 | Johnson (Billy Creek)........................ 17 48 N 82 W | 7775 |Steeleshale | Big Horn 
13 | Hot Springs (Hamilton Dome)................ 11 44N 98 W | 3200 | Benton shale | Embar 
14 | Big Horn (Paintrook) | ...6. 6.<c.scccccess.. cn 12 49 N 91 W | 2300 | Sundance Madison 
15 | Park (Gooseberry)>>......................... 33 47N | 100 W | 5996- | Cody shale Tensleep 
16) Park:(Garland) yee. re ee eee eee. 24 56 N 98 W | 4749 | Cody shale adison 
17 | Carbon (Cherokee Ridge).................... 5 12N 95 W | 5680 | Green River | Wasatch 
18 | Sweetwater (Black Fork)..................... 2 18N | 110W | 5330 | Wasatch Wasatch 


Drilled by 


Tnitial Production 


per Day Lb. per 


Sq. In. 


Oil, 
U.S. 
Bbl. 


Gas, 
Millions} Casing 
Cu. Ft. 


Ohio Oil Co. 

Conoco Oil Co. 

Ohio Oil Co. 
Amerada Pet. Co. 
General Pet. Co. 
Medicine Bow Oil Co. 
Ohio Oil Co. 

Ohio Oil Co, 

The Superior Oil Co. 
Sinclair-Wyoming 
Stanolind 

Carter Oil Co. 

Italo Pet. Co. 
Wood-Callahan 
General Pet. Co. 


— ee 
SUSEEESESomsecmen | 


Ohio Oil Co. 


Pressure, 


Remarks 


Leo sand discover 
Gas in Dakota. Failure in lower sands 
Failure. Seismograph high 

Failure. Seismograph high 

Discovery in Shannon. Eisahaleie 
New gas field in 1936 

Failure. Test for subsurface structure 
New field 

Insufficient test on goat structure 

New gas sand. Lakota in old field 
Incomplete test 

Failure in deep sands old gas field 
Extends field 

Large flow water 

New black-oil field 

Extends Madison pool 

Shallow gas onl 

Failure on Tertiary basin structure 


eee 
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was the largest producer of black oil and will probably continue to hold 
this position for several years to come. 


TaBLE 3.—Production of a Few Large Fields in 1937 


BARRELS OF 42 GALLONS 


Field Light Oil Heavy Oil Total 
Sel, (Ghreel esiye edie Gane ce ae CRN cee eae 5,900,212 5,900,212 
erm CeLOLEC Kem tie eis aces cen, all 45200;134 4,265,134 
Gres Onm Basle: tam oe keeper ere ect 1,447,106 1,447,106 
(Chslivatel, SA: Alston aro inet ok ol eiaenceaae 856,454 856,454 
Teele GIR ee ee eeadics God Fae Se eee 724,174 724,174 
(Giangie Ginga tao mate eae ee eto or nea ae 408,325 242,401 650,737 
Spe WC yten tee ee cs ee es tc 484,217 484,217 
TRSRERaRDNS-5 hows SI eee hn Seen ge 464,290 464,290 
iL pasty Shoe — ee tania Woke > is eter eat 395,160 64,889 460,049 
“Li The ied Caen, Sen roe ee 403,765 403,765 
FARR asim cee pare meth ts Gurce amen so 122,191 122,191 
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Petroleum Development in Argentina during 1937 


By Mario L. Vi~ua* 


ANOTHER increase in production and the discovery of new pools are 
the outstanding developments of the year 1937. 

Production in 1937 totaled 16,354,706 bbl., compared to 15,457,953 
bbl. in the previous year, an increase of 5.8 per cent, of which 5 per cent 


Fria. 1— O1m-BEARING ZONES, TERRITORY OF CuvuBur, 


was due to the Yacimientos Petrolfferos Fiscales (Argentine Government 
Oil Fields) and 0.8 per cent to private companies. 

Table I shows that the most important gain in output was obtained 
in zone B of Comodoro Rivadavia, partly offset by a 5.7 per cent decrease 
in the Neuquén district. The fields of Salta and Mendoza show an 
increase of 4.4 and 39.1 per cent, respectively. 

The determination of bottom-hole pressures was started by Yaci- 
mientos Petrolfferos Fiscales (Y.P.F.) in Comodoro Rivadavia and 


Manuscript received at the office of the Institute April 13, 1988. 
* Gerente General, Yacimientos Petroliferos Fiscales, Buenos Aires, Argentina. 
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Salta. The preliminary results show, for the end of 1937, the following 


averages: 
Salta, southern part of the Tartagal zone, 550 Ib. per sq. in. 
Comodoro Rivadavia, eastern part of zone B, 540 lb. per sq. in. 


a6 
‘, 
4 


Zone 
San Pevro 


> 
ie 


| TARTAG 


Aguoragie 


Fig. 2.—Os1-BEARING ZONES, TERRITORY OF NEUQUEN. 
Fig. 3.—OIm-BEARING ZONES, PROVINCE OF MENDOZA. 
Fig. 4.—O1L-BEARING ZONES, PROVINCE OF SALTA. 
Fig. 5.—O1L-BEARING ZONES, PROVINCE OF JUsUY. 


Y.P.F. will extend these measurements to the rest of its fields and 


expects to be able to give all the necessary data next year. 
Production is still suspended in zone D of Comodoro Rivadavia. In 


zone B of that field, the discovery by Y.P.F. of new pools added con- 


620 PETROLEUM DEVELOPMENT IN ARGENTINA DURING 1937 


siderable acreage to the proven area. Wells E5, E6, E10, T63 and S109 
are worthy of note. Completing the data of Table 2, it may be men- 
tioned that the well T63 reached a depth of 5733 ft., finding a new oil- 
bearing horizon at 5717 to 5730 ft. that gave an initial production of 
314 bbl. per day, and that the well S109 found a producing sand at a 
depth of 4431 to 4460 ft. with an initial production of 189 bbl. per day. 
Both wells have helped to extend the productive area. 

Another important discovery was made by the well 1296 of Y.P.F., 
which established that the deep producing horizon found in 1936 in the 
old central field (zone A), is also present in the southern part of the field 
at a distance of 444 km. from the previous test. Well 1632 drilled by 
Y.P.F. in a location to the west of the old central field encountered, at 
a depth of 3047 to 3060 ft. below sea level, a new oil-producing horizon 
deeper than any other known in the zone. 

The wildcat §.C.1, in the Territory of Santa Cruz, about 550 km. 
south of the Comodoro Rivadavia field, was completed as a dry hole at 
a depth of 3621 ft. This has been another enterprise of the Government 


TABLE 1.—Oul and Gas Production in Argentina in 1937 


Total Gas 
ag i Total Oil Production, Bl. ae 
Field, Territory or Province z 
re 
Oil 5 : Me Dur- 
he Total | To End of | During During ToEnd| j; 
x ESM sey aahaaned OT 1936 1937" |during| of 1937 | ing 
E ZS Nov. acts 
2 Ss 1937 
Comodore Rivadavia, Terr. 
hubut 
1 HO Aa sate corara orci t aioe RE 30 | 14,079 | 14,079 | 94,502,048] 5,956,051] 5,985,268] 15,939] 149,425] 9,142 
13 | 17,537 | 17,537 | 33,909,994] 5,529,350) 6,477,932] 19,298] 23,651] 4,447 
21 | 3,458 | 3,458 | 15,263,194] 1,074,005 942,795} 2,459] 8,895) 988 
4 24,549 610 188 
19 138 138 1,544,780 80,474 76,794 141 
11 | 1,252 | 1,252 : 680,697 342,339 378,815 635 
fee ed eae tel oes 8 
Dept. Ord Prov. Salta : : ey bbs 
9 Zone Tartagal.............. ll 729 729 3,453,814 322,551 367,084 706 
10 Zone San Pedro............. 9 254 254 7,498,699] 1,321,686} 1,368,006 1,341 
ll Aqua Blanca os pingresetee aly See eee ll 119 119 784,457 127,309 113,761 
12] Yuto, Hrot. Tuguy sec coe, nccd seals ol 32 32 3,315 1,572 
13 | Cacheuta, Prov. Mendoza.........| 6 | 1,060 | 1,060 156,608 40,205 71,586 
14 ” ungato, Prov. Mendoza....... | 4 242 242 52,873 20,077 oro 
15 ig saree Prov. Mendoza...... 12 100y| 100y 237,082 20,826 26,279 56 
16)| te sDotaldvse. veteeh yeas Anite 39,561 | 39,561 | 168,955,183] 15,457,953] 16,354,706 211,408} 18,811 
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Footnotes to column heads and explanation of symbols are given ‘on page 313. 
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company in its efforts to add new fields to the already proven ones in 
the country. 

Two wildecats, NH.1 and NE.8, were completed as dry holes by 
Y.P.F. in the Plaza Huincul district (Territory of Neuquén). The latter 
found shows of oil. Well No. 282, north of zone 1, encountered gas at 
various depths and shows of oil of slight importance. 

Y.P.F. drilled, in the Province of Salta, the well R.P.4 (Rio Pescado), 
which encountered important oil-producing sands. This well, included 
in Tables 1 and 2 in the Agua Blanca zone, was completed at a depth 
of 4195 ft. and rendered an initial production of 352 bbl. per day after 
drilling through the most important flows of gas yet registered in the 
Province of Salta. 

Well Ramos No. 8, south of San Pedro, drilled by the Standard Oil 
Co., was completed at a depth of 3493 ft., having encountered gas and 
oil sands at 3169 to 3194 ft. with an initial production of 151 bbl. per day. 

The wildcat CD.5 was completed by Y.P.F. as a dry hole at a depth 


of 6386 feet. 


TABLE 1.—(Continued) 


Petit Depth, | jl Production Method P. Lb 
roduction, . uy roduction Me’ Is ressure, Lb. 
coe Number of Oil and/or Gas Wells ae Fost at End of 1937 per Sq. In.¢ 
pene At End of 1937 Number of Wells Average at 
> 3 
; E.4|e Initial 
gl 5 As | 2s me mi acara Bann 
8 2 |S=/3 BEE] wp lod) FSFE iss @ |-Fe 1936 
E| ] | ex |as| 5/4 |scleetee|_2 | 28/22 /2| 2 le iel4 iss 
A= a 2| 3 33/28 os SB Ga Blais) siss 
2 a SU| | 2 |sz\ Sa lSSiSe lessees 7/3/33 
| 3 | 22 |34| 8 | 2 e2/28 Fo|24|s2les|e) 2 |8|4|2 |e 
1| 9,390] 27 | 2,285] 50) 25 | 275] 1,718] 18 | 1,736] 2,086) 1,902) 33) 1,671) 5 9 e af 1,030 30 
2] 4,130) 12 524| 145] 12 | 57| 357| 10 | 367/3,280) 2,952) 14) 298) 23 22|G 9) 730 35 
3) 600] 17 659| 57| 4 | 129] 364] 16 | 380) 2,132) 1,968 356 8 300 15 
4 Te ees ee} 3 3] 2,624| 2,296 55 
5| 212] 0.7| 86) 2) 2] 9} 49) 2] 51)/1,787/ 1,705 49 G5| 150 65 
6| 529| 1.4 | 140] 14) 4] 14] 115] 5] 120)2,410)2,197/ 13) 102 G5) |e 105 
7| 6001 0.7 | 212) 1) 1]| 34] 136) 9 | 145! 2,706) 2,542 136 Git] 180 70 
8 : 5} 2] 2 2 3,313] 3,280 40 
9| 670] 2.1 | 155) 7 34| 95 95| 3,280) 1,984] 11] 79) 4) 1 G1 60 60 
10| 1,200] 3.5| 44) 7 4| 26 26| 2,850) 2,794) 22} 2) 2 G 5| 600 500 
11 7 1 2) 6| 2,460) 2,400) 5 1 
12 5| 5] 3 2 2| 5,248] 5,240) 2 
13 44) 14, 4] 4] 21 21| 2,394] 1,787 20 1 
14 Tel 3! ieee) 60) 9 2,624 246 9 
15 ie ule ay y y y y y) yl yy 
16 | 17,331 4,196| 312) 63 | 571] 2,898} 63 | 2,961 109] 2,713] 34} 1 | 41 
ee ee 
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The well Lomas de Olmedo No. 2 was drilled by the Standard Oil Co. 
and completed as a dry hole at a depth of 4904 feet. 

An unsuccessful wildcat was drilled by the Ultramar Co. in Cuchuma 
to a depth of 2981 ft., encountering only shows of oil, and the Galena 
Signal Oil Co. completed another one in La Cruz, at 5277 ft., as a dry hole. 

In the Province of Mendoza, Y.P.F. completed wells C15 and T17 
mentioned in Table 2, which had an initial production of 19 and 6 bbl. 
per day, respectively. Well C34, however, also drilled by Y.P.F. on 
the same structure tested by the C16, registered an initial production 
of 314 bbl. of oil per day. 


TABLE 1.—(Continued) 


Character of Oil, Charac- Deepest Zone 
Approx.. Average ter of Producing Rock Tested to 
during 1937 Gas, End of 1937 
Approx 
ahodnds 
Gravity A.P.1. 1937 
at 60° F. are 
s Es 
: 3 ma 
g ef Name Agef gm Ply Name 
ey B= | > §.8 . ee SS 
g g @|,- Bos is) S|< ie o > St a os 
a: : EFii6)., |Relee z\e\ee| 2 B83 as 
o| 8 |e -PFleas| gl8sicg a|/e lee) 3 ae aS 
& Ss SE 2™| 8 |ao |S & Ble lex| 4 238 Am 
1 |24.0/20.6)22.0/0.18] M| 854!0.51| Chub. and Glau-! Cre Ss| Por} 29y/ AF 144 | Chubutiano | 5,363 
con. : 
2 |34.6)20.5/28.0/0.18| M| 854 0.45) Chub. and Glau-| Cre Ss| Por} 33y| AF 100 | Chubutiano | 5,871 
con. 
3 |21.3)19.0,20.0)0.18)] M| 850/0.12) Chub. and Glau-| Cre Ss} Por] 138y/ AF 94 | Chubutiano | 2,365 
con. 
4 |23.2)23.2 23.2/0.18) M| 850/0.20) Chub. and Glau-| Cre Ss| Por] 26y} AF 5 | Chubutiano | 6,616 
con. 
5 |34.4/33.4/34.0/0.20) M| 905)1.54) Dogger Jur S | Por| 39y} Af, MU 23 | Lidsic 
6 |34.2/33.0/33.8/0.20) M| 905|1.12) Dogger Jur 8 | Por 33y Af, MU ll Lisseo Ree 
7 |34.2 33.0/33.8/0.20) M| 905]1.11} Dogger Jur S | Por| 33y} Af, MU 24 | Lidsico 4,349 
8 |34.0/33.0/33.6/0.20| M| 905|y Dogger Jur S | Por| 25y| Af, MU 4 | Lidsico 4,480 
9 |45.0/43.9/44.0/0.10) P | 917/0.84 al Aren. | Per-CreU | S | Por} 33y| A 36 | Gondwana 4,202 
up. 
10 |46.0/44.7/45.0)0.10| P | 917|0.84| Gondwana Per S | Por] 29 A 6 | Gond 
11 |23 2/22 .8/23.0/0.10) P | 917|0.30| Gond. Aren. U. | Per 8 | Por 20H A 3 hes 0. rat 
12 |33.6/30.8/31.9|0.20| P oo. Caledreo | CreU S| Por} 15y| AF 3 | Areniscas Inf.| 6,314 
olomit. ; 
13 31.2 27.0/28.0)0.14| P Rético TriU Ss | Por} 13 AF 10 | Réti 
14 |33.0'31.0/32.0.0.11| P Calchaqui Ter Ss |Por| 16y| Af 4 Cae 5468 
= 13.0)11.0}13.0)1.20} A Ranchhouse ee Ss | Por| 13y| MIF 5 ‘551 
re 472 
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TABLE 2.—Summary of Drilling Operations in Argentina 
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Important Wildcats Drilled in 1937 


Bs Initial Produc- 
le tion per Day 
Province or : Well | = Surface Deepest — 
Territory Location |Name| & Formation Horizon Drilled by Remarks 
Q Tested Oil, | Gas, 
ra U. 8./Millions 
6 Bbl. | Cu. Ft. 
et is 
1} Chubut....| C. Rivadavia | E.5 | 4,871) Terciario Supe- | Estr. con Dino- | Y.P.F. 943 
: ‘ rior saurios 
2} Chubut....] C. Rivadavia | E.6 | 4,592| Terciario Supe- | Estr. con Dino- | Y.P.F. 566 
‘ : rior saurios 
3 | Chubut....| C. Rivadavia | E.10 | 4,352) Terciario Supe- | Estr. con Dino- | Y.P.F. 943 
; : rior saurios 
4| Chubut....| C. Rivadavia | T.63 | 5,733 Terciario Supe- | Estr. con Dino- | Y.P.F. 314 
F . rior saurios 
5 | Chubut C. Rivadavia | §.109 | 4,494| Terciario Supe- | Estr. con Dino- | Y.P.F. 189 
rior saurlos 
6 | Santa Cruz | Coyle SC.1 | 3,621] Terciario Supe- | Tridsico vera. Dry hole 
rior 
7 | Neuquén...| Plaza Huincul| NH.1 | 2,598} Estr. con Dino- | Lias Yee one Dry hole 
saurios 
8 | Neuquén...| Plaza Huincul| 282 | 4,631] Estr. con Dino- | Lias ¥PeBe Shows of 
saurios oil and 
gas 
9 | Neuquén...| Plaza Huincul| NE.S | 3,870] Estr. con Dino- | Lias SAAT Shows of 
saurios oil 
10 | Salta...... Campo Durdn| CD.5 | 6,386] Terciario Sub-| Terciario Sub-| Y.P.F. Dry hole 
andino andino 
Pal Salta. csi: L. de Olmedo | No. 2 | 4,904] Margas Color.| Margas Color. | Standard Oil Dry hole 
Sup. (V) Inf. (Wi) Co. 
AD Salta:. 05-0 Rio Pescado | RP.4 | 4,195] Terciario Sub-| Terciario Sub-| Y.P.F. 352 |250.135 
andino andino (Arenis- 
cas Superiores) 
13) Salta. :.... Ramos No. 8 | 3,493] Areniscas Supe- | Devénico? panes Oil | 151 
riores ‘0. 
14 | Salta...... Cuchuma 309 | 2,981| Areniscas Supe- | Areniscas Infe- | Ultramar S.A. Shows of 
riores riores : oil 
15 | Salta...... La Cruz 289 |5,277| Margas Color. | Areniscas Infe- | Galena Signal Dry hole 
Super. riores Oil Co. 
16:1) Jajuy...... Yuto JB.1 | 5,094| Areniscas Supe- | Paleozoico Infe- | Y.P.F Shows of 
riores rior oil 
17 | Mendoza...| Cacheuta 15 | 4,241] Estr. Calcha- | Rético Y.P.F. 19 
quefios 
18 | Mendoza...| Tupungato 17 | 1,230} Estr. Jujenos Estr. Jujefios YEE, 6 
19 | Mendoza.. .| Rio Salado RS.1 | 4,966} Neocomiano Dogger Y.PF ae of 
oi 


Se ee ee ee 
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In Proven Fields | Wildcats 
Number of wells drilling Dec. 31, 1987... ....-...-...---000ee ses 126 20 
Number of oil wells completed during 1987..............--- 291 7 
Number of gas wells completed during 1937 Fe i 


Number of dry holes completed during 1937 
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TABLE 3.—Zones into Which the Oil-bearing Areas in Argentina Have 
Been Divided* 
ce efi Zones Location Companies 
Chubut...... A Costa Atldintica Y.P.F., Ferrocarrilera, In- 
(Comodoro Rivadavia) dustrial y Comercial y 
Cia. de Petrdédleo de C. 
Rivadavia 
B Km. 27 Estacién Escalante} Y.P.F., Diadema Argen- 
(Comodoro Rivadavia) tina y El Sindicato (Astra) 
C Km. 20 Estacién Astra | Astra y Solano 
(Comodoro Rivadavia) 
D Pampa de Maria Santisima| Y.P.F. 
(Colonia Sarmiento) 
Neuquén....| No. 1 Centro Octégono de Re-| Y.P.F. 
serva (Plaza Huincul) 
No. 2 Oeste Octédgono de Re-| Y.P.F. y La Reptblica 
serva (Plaza Huincul) 
No. 3 Laguna Colorada (Plaza| Y.P.F., Standard Oil y 
Huincul) Astra 
No. 4 Bajo de Los  Baguales| Y.P.F. 
(Plaza Huincul) 
Saltadgas ae Tartagal Sierra Aguaragiié (De-| Y.P.F. y Standard Oil Co. 
partamento Oran) 
San Pedro Sierra del Rio Seco (De-| Standard Oil Co. 


Agua Blanca 
Mendoza....| Cacheuta 


Tupungato 
Rio Atuel 


partamento Oran) 
Juntas de San Antonio 
(Departamento Oran) 
Cerro Cacheuta (Lujdn de 
Cuyo) 
Estacién Tupungato 
El Sosneado (San Rafael) 


Standard Oil Co. 
mga AN 


Y2PSh. 
Compafiia Rio Atuel 


* Location and production of zones is shown in charts (Figs. 1-5). 
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Oil Prospecting in Australia during 1936-1937 


By W. G. Woo.tnovucH* 


Ir is perhaps a little difficult for Americans fully to appreciate the 
slow progress in the search for oil in Australia. Conditions are so 
different from those in the United States that methods must also 
differ considerably. 

Australia possesses an area almost exactly equal to that of the United 
States, but has a population of less than 7,000,000, and this population 
is concentrated almost entirely around the eastern and southern coasts 
of the continent. There are, therefore, vast ‘empty spaces’’ entirely 
unpopulated or exceedingly sparsely populated. The emptiness is due 
not to any lack of energy or initiative on the part of Australians but to 
the arid and waterless character of much of the country’s interior. 
Throughout the greater part of the area that is comparable with the 
Mississippi drainage area of the United States, there is not a single flowing 
stream, and over most of it the rainfall is less than 7 in. a year. This 
hinders exploration and geological survey, and also isolates from potential 
markets many of the regions that otherwise might be considered 
worth prospecting. 

Also, Australia consists of six independent and sovereign states. 
With the establishment in 1901 of the Commonwealth of Australia, the 
states retained complete control of lands and mineral rights. Each state 
has its own petroleum legislation, and the absence of a central controlling 
authority has tended to confusion and to the introduction of many com- 
plications in oil prospecting. There are three major ‘“‘territories,”’ 
administered by the Federal Government; namely, the Northern Terri- 
tory, enclosed between the northern parts of Queensland and Western 
Australia, within Australia itself, and the Territories of Papua and New 
Guinea in the island of New Guinea. Land and mineral legislation in 
these territories is not uniform. 

Furthermore, during the late twenties there occurred an orgy of 
company flotation and indiscriminate drilling, which resulted in the 
discovery of some definite indications of oil in three of the states and two 
of the territories, but which failed to develop any producing oil field in 
the common acceptation of the term. Much money was squandered, 
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and the reaction, combined with the financial depression, caused an 
almost complete cessation of oil activities for several years. 

During the past two years there has been a marked revival, partly 
attributable to returning prosperity but partly also to a certain degree 
of ‘oil education”’ of the population. Though there is still some uncriti- 
cal acceptance of the statements of self-styled American experts, there 
is a healthier tendency to demand tangible evidences and to employ 
reputable advisers in the search. Most of the states and the two New 
Guinea territories have passed new oil legislation, which, though still 
far from satisfactory in many respects, is generally an improvement on 
the old laws, which were founded largely on the experience gained in 
dealing with gold and coal, both of which have been produced in large 
amounts in Australia for several generations. 


LEGISLATION 


Queensland has adopted legislation recognizing the necessity for 
preliminary geological investigation before company promoting and 
prospecting drilling are entered upon. Prospecting permits are issued, 
which allow the holders to enter upon crown and private lands for survey 
purposes, but which do not confer upon the holders any exclusive rights. 
On discovery of apparent indications, an individual or company may 
apply for a lease of a limited area, and must commence drilling within 
three months of the granting of the lease. This title is of an exclusive 
character, giving its holder absolute rights of operation within the tene- 
ment. Leases are limited in area to 2500 acres, and there are conditions 
limiting to two the number of leases that can be taken up by one authority 
within the state. 

In Victoria, mineral rights, including oil rights, were formerly held 
absolutely by the owners of the surface of crown lands alienated 
prior to 1893. This greatly complicated prospecting operations, as 
landowners could refuse entry and could impose any conditions they 
chose. The new Act has declared that, even under so-called “prior land”’ 
(land alienated prior to 1893) oil shall revert to the Crown in 1940. 
While this permits holders of such land to exercise their rights if they 
care to do so, it imposes a limit to their powers for obstruction. The Act, 
unfortunately, imposes unsatisfactory limits in respect to areas to be 
granted for leases, and is not regarded as altogether satisfactory. 

In Western Australia a new Act has been passed which recognizes the 
necessity of orderly investigation prior to exploitation, and which has 
introduced many desirable reforms. However, the provisions made for 
areas of leases and for “reward leases” granted to discoverers of oil still 
do not satisfy many people, and there is a tendency on the part of oper- 
ators to mark time in this state. 

In New South Wales, South Australia and Tasmania, legislation has 
not been modified recently to any marked extent, 
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In both Papua and New Guinea ordinances have been promulgated 
with the view of controlling and regulating oil prospecting and of 
encouraging adequate preliminary geological survey in these geological 
terrae incognitae before expenditure of capital in drilling. Under these 
ordinances the areas that can be taken up as leases and licences are 
limited though liberal. To encourage exploitation by companies pos- 
sessed of financial and technical resources greater than those of minor 
concerns, a provision has been inserted in the ordinances giving power 
to the proper authorities to grant exclusive concessions over areas up to 
30,000 sq. miles for prospecting purposes, on condition that specified 
sums of money of considerable amounts shall be spent on approved 
operations within limited periods. All the active operations at present 
in both territories are confined to such large concessions. 


PETROLEUM Ort SearcH Acts, 1936 


In May 1936, the Commonwealth Government passed an Act appro- 
priating the sum of £250,000 to assist in the search for petroleum in 
Australia and the Territories under its control, to be used in the form of 
pound for pound advances to persons engaged in the search along 
approved lines and in approved areas. The fund is administered by the 
Minister for the Interior of the Commonwealth Government, who is 
advised by a technical Oil Advisory Committee of three geologists. With 
the Minister for the Interior there are associated two other Common- 
wealth Ministers, forming a Cabinet subcommittee. According to the 
original Act, advances could be given only for drilling operations, but 
the Oil Advisory Committee recommended that, because geological survey 
was in a very backward condition, the Act should be amended so as to 
provide for financial assistance to those engaged in preliminary geological 
survey, scout drilling and other approved operations of a preparatory 
nature. The Act was amended to cover this provision in December 1936, 
such assistance to take the form of advances by the Commonwealth on 
the basis of £1 for £2. 

The provision of these funds has proved a real incentive to activity 
in the search for oil, and none the less valuable is the degree of control 
given to the Commonwealth Government, through the Oil Advisory 
Committee, over the nature and location of prospecting operations; a 
control that, as already mentioned, it does not' possess by virtue of 
constitutional rights over mineral resources, which are the property of 
the individual sovereign states. 


SraTE OF VICTORIA 


Small amounts of heavy oil, suitable as lubricating stock, but devoid 
of gasoline and kerosene fractions, were discovered in the Gippsland 
district of eastern Victoria in 1937. Within about 514 sq. miles, 28 wells 
have been sunk near the town of Lakes Entrance. In all of these more 
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or less oil of similar quality has been encountered in glauconite sands of 
Oligocene age, resting unconformably on bedrock consisting of granite or 
metamorphosed sediments. The oil is associated with potable artesian 
water, from which it is extremely difficult to effect a sharp separation in 
drilling. One such artesian well supplies the town of Lakes Entrance with 
water, and small quantities of oil find their way into the domestic water 
supplies from this source. 

After attempts extending over some years to exploit some of the wells 
on a commercial scale, with no financial success, most of the wells have 
been abandoned, and more or less effectively sealed. 

Two wells, however, have been tested systematically by Austral Oil 
Drilling Syndicate No Liability, a Melbourne company, successors to 
South Australian Wells No Liability. One of these bores, known as 
Foster’s bore, has yielded consistently over a period of 11 months small 
amounts of oil. The average over this period amounted to some 30 
Imperial gallons per day. The oil is emulsified, necessitating treatment 
for dehydration. 

During the latter part of 1937 tests were made on Midwest No. 2 
bore, 700 yd. north of Foster’s bore. Over a period of 12 weeks this bore 
produced 1290 gal. of oil, averaging 15 gal. a day. 

All the bores near Lakes Entrance bottomed on bedrock at depths 
varying from 660 to 1472 ft. Claims that Midwest No. 2 passed through 
Tertiary formations to a depth of 3206 ft. are opposed to official records, 
which show that the formation drilled was biotite granite similar to that 
known to outcrop some 714 miles to the northwards, which was encoun- 
tered in several of the adjacent bores. 

With financial assistance from the Commonwealth Government, it is 
proposed definitely to test the possibilities of this area by drilling three 
or four wells around Foster’s and Midwest No. 2 bores, taking special 
precautions in entering the glauconite sands to eliminate water troubles 
as far as possible. 

Throughout the deeper Tertiary basin west of Lakes Entrance, eight 
déep bores have been sunk. ‘Traces of oil and/or gas have been claimed 
in some of these, and proved for a few, but the nature of the deposits at 
present is “not proven.” 

Still farther to the west, in the neighborhood of Sale and Longford, 
a definite plunging anticlinal structure has been delineated, partly by 
geological survey but chiefly by drilling. In the western (higher) portion 
of this structure the marine Oligocene beds in which the oil traces of 
Lakes Entrance have been encountered are replaced by a fresh-water, 


lignitic phase, which passes into the extensive and remarkable deposits . 


of brown coal developed at Morwell, Yallourn, etc. The fresh-water 
phase has given no evidence of petroleum content. Hopes are entertained 
that at some point intermediate between Longford and Lakes Entrance 
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oil-forming conditions may have been developed in the marginal facies 
between fresh-water and marine phases. 

Ordinary methods of geological survey are not available in this area, 
since the Tertiary formations are unconformably overlain by thick 
Quaternary deposits of sand and gravel. The only available method of 
dealing with the problem (geophysical methods having proved incon- 
clusive) is by scout drilling. Marker beds characterized by definite 
foraminiferal assemblages have been defined, and the Governments of the 
State of Victoria and of the Commonwealth are jointly carrying out a 
systematic scout drilling campaign, which promises, in the near future, to 
supply sufficient evidence to enable test wells to be located for the proving 
of the deposits. 

Extensive areas of Tertiary marine deposits are known to exist in 
western Victoria and in the neighboring parts of the state of South 
Australia. Numerous wells have been sunk in these areas, and claims 
of discoveries of oil have been made, but such claims are without official 
verification. At present there is no activity in this part of Australia. 


State oF SoutH AUSTRALIA 


There is no activity in the southeastern corner of South Australia. 
In other parts of the state, known to be occupied by older pre-Cambrian 
formations either at the surface or at shallow depths, desultory drilling 
“for oil” is carried on from time to time, mostly based on the supposed 
“indications” of the divining rod, and, of course, in direct opposition to 
all advice from official geologists. The Director of Mines of the State 
of South Australia has shown that large sums of money have been wasted 
in this hopeless drilling, in which 9923 ft. of plutonic igneous rocks of 
pre-Cambrian crystalline schists have been penetrated, out of a total of 
41,666 ft. drilled up to March 1935. 


SraTe oF WESTERN AUSTRALIA 


Here also drilling operations are in abeyance temporarily. In the 
period between 1923 and 1930, eight bores were sunk within the basin of 
the Fitzroy River in the northern part of this state, which has an area of 
approximately 1,000,000 sq. miles. In several of these, small but definite 
evidences of oil were encountered in rocks of Permo-Carboniferous or 
Permian age. Since 1934 extensive and detailed geological surveys 
carried out by Dr. Arthur Wade for the Freney Kimberley Oil Co. have 
shown that not one of the earlier bores was suitably located in regard to 
structure. Also, these detailed surveys have removed many of the 
fallacies previously held in regard to this region, especially the incorrect 
belief that there was an absence of cover rocks suitable for the preserva- 
tion and retention of oil supplies. It is now known that there are numer- 
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ous horizons on which are developed great thicknesses of dense shale 
amply sufficient for the purpose. Further, the lithological character of 
some of the beds, and the abundance in them of organic remains, removes, 
to a large extent at all events, the fear that source materials might 
be absent. During the survey there have been completely delineated 
closed domal structures of major dimensions, such as would undoubtedly 
be vigorously tested for oil in any oil-producing country. If financial 
difficulties can be solved it may be expected that test drilling will 
be commenced. 

Extensive and intensive geological survey has been carried out in the 
coastal regions of Western Australia between Carnarvon and Onslow, 
and somewhat promising structures involving Mesozoic and Tertiary 
beds have been brought to light. These areas are still under discussion, 
and it is not known whether or when a start will be made with test drilling. 


STATE OF QUEENSLAND 


There is greater activity in this very large state at the present time 
than in any other. Interest has centered here for many years; in fact, 
ever since a strong flow of petroliferous gas was struck at the town of 
Roma, 320 miles west of Brisbane, in drilling for artesian water in 1900. 
Much entirely speculative drilling followed this discovery, most of it 
without the slightest foundation on geological investigation. Although 
most of this drilling was abortive, a few wells did produce small amounts 
of genuine crude oil, and considerable amounts of petroliferous gas. 
The many failures led to discouragement, and to an almost complete 
cessation of drilling activity during the years of the financial depression; 
though activity was never entirely at a standstill even during that period. 

Detailed geological survey by Oil Search Ltd. led to the drilling of a 
well at Warooby Creek, 6 miles east of Roma, in 1934, in which a further 
supply of petroliferous gas was proved. This supply, however, does not 
reach commercial dimensions under the geographical conditions prevail- 
ing, and at present the well is sealed down. 

The same company extended its geological reconnaissance far and 
wide to the north of Roma, with results yielding a very real contribution 
to the knowledge of the stratigraphy of the widely extended Mesozoic 
formations of Central Queensland. The stratigraphic sequence has been 
worked out in considerable detail, and several complete domal structures 
have been mapped. On two of these, leases to prospect for petroleum 
have been secured from the Queensland Government, and drilling is 
actively in progress, with somewhat promising results. 

At Hutton Creek, 60 miles north of Roma, a well has been sunk to a 
depth of 3715 ft., some indications of natural gas having been encountered. 
A larger drilling plant, made available to the company by the Common- 
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wealth Government, has been installed, and operations, which have been 
temporarily suspended, should recommence before the end of 1937. 

At Arcadia Dome, 85 miles north of Roma, a well has been sunk by 
means of an inadequate percussion plant, to a depth of 4110 ft. Large 
volumes of natural gas under noteworthy pressures have been encoun- 
tered. The composition of these gases is interesting. Two anal- 
yses follow: 


At 3055 Ft. | At 3170 Ft. 
Per Cent Per Cent 
‘Cla mlorisaeci iitay els la": eae aes Segoe eee iehn Rectan a MEnORa ee car en oe 80.2 72.0 
IAT ee ane Sede t sgl, MR Meets, ira. Ree einneictds, diye a esr eeele Nil 8.0 
IVES SS 5 ORE eh Tei ae ere a COCR 12.9 Ls) 
TER TRG EBEIENS Se eo USO gc ae Sea ee cP 4.7 ell 
Ethane and higher homologues..............-. Sea tho a 2.2 1.9 
IDARVSTIINGS © Jo -6 Srcrcoaaa caegrciacucuen hacen iocn ocelibac cairen ee eee ora 1.33 1.28 
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As the effective limit of the drilling plant has been exceeded already, 
operations have been discontinued pending the making available by the 
Commonwealth Government of an up-to-date rotary outfit. 

In 1929 the Roma Blocks Oil Co. drilled a well 8 miles northeast of 
Roma, reaching bedrock (granite) at a depth of 3561 ft. Just above 
bedrock a small supply of oil was encountered. Various eventualities, 
but chiefly the onset of the depression, caused the abandonment of 
operations at this point. With the renewal of interest the possibilities 
of this well have been reconsidered. Carefully controlled bailing tests, 
under the supervision of the Commonwealth Government, proved con- 
clusively that the oil indications were genuine, if microscopic in amount, 
showing that, qualitatively at all events, the formations were petroliferous. 
The quality of the oil indicated that, if obtainable in sufficient quantity, 
commercially exploitable petroleum could be secured. 

More detailed geological investigations, financially assisted by the 
Commonwealth Government, were therefore undertaken. Under the 
impression that surface outcrops were too poor to permit of geological 
mapping, attention was confined to scout drilling, with not very satis- 
factory results. Later, it was found that sufficiently intensive investiga- 
tion’ was capable of bringing to light outcrops of sufficient continuity to 
be amenable to plane-table survey. This work has now shown the 
existence of a major domal structure not less than 3 miles long by 2 miles 
wide, with ample vertical closure. The original well, which produced 
small amounts of oil, is now known to be situated on the extreme edge of a 
minor wrinkle on the flanks of the main dome. In these circumstances, 
hopes are entertained that the drilling of a properly located test well may 
result in the discovery of oil in commercial quantities. 
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Strate oF New SoutH WALES 


Oil Search Ltd. is active in New South Wales. As a result of much 
extensive and intensive geological survey in the Hunter River Basin 
north of Sydney, and thence southwards to and beyond Sydney, the 
company has discovered and delineated two closed domal structures, and 
has been engaged in drilling them. 

On Kulnura Dome, approximately 50 miles north of Sydney, a well 
has reached a depth of 5450 ft. After passing through 2706 ft. of 
epicontinental sediments of Triassic age, the bore penetrated 2560 ft. of 
fresh-water coal measures with marine intercalations. This great thick- 
ness of fresh-water beds was not expected, in view of the known develop- 
ments of this phase exposed at the surface, and extensively worked for 
coal at no great distances north, south and west. Latest advices suggest 
that the coal measures have now been penetrated, and that the under- 
lying marine beds of Permo-Carboniferous age have been entered. The 
bore is proceeding, and has entered upon an interesting phase. Small 
showings of inflammable gas have been encountered at intervals, but are 
not regarded as significant. 

At Mulgoa Dome, only about 30 miles west of Sydney, a closed struc- 
ture in Triassic rocks has been drilled to a depth of 3125 ft., the effective 
capacity of the plant employed. (Incidentally, it may be mentioned 
that the use of inadequate plant and methods has been one of the greatest 
drawbacks in the search for oil in Australia. Exceptionally high effi- 
ciency in drilling for artesian water constitutes a really serious difficulty 
in developing the quite different technique involved. in drilling for oil.) 
Drilling has been suspended, and the company is considering whether 
or not to drill a new well with more efficient plant on the same structure. 
Large gas flows were encountered. 


STATE OF TASMANIA 


There is no activity in drilling for oil anywhere in this island state, 
nor are suitable structures known to exist there. 


TERRITORIES OF Papua AND New GuInrA 


Several of the major oil companies have taken up concessions under 
the new legislation, involving the expenditure of large sums of money in 
preliminary operations of a specified nature. While it is known that, 
in some instances, promising structures are under investigation, the 
reports of operations are confidential, and no details can be published 
at this stage. 

Prior to 1930 the Anglo-Persian Oil Co., acting as an agent for the 
Commonwealth Government, carried out considerable geological mapping 
in both territories, but chiefly in Papua, and also did a considerable 
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amount of drilling at Popo. While, unquestionably, there exist ample 
evidences of the existence of petroleum in highly folded rocks of Tertiary 
age, mechanical difficulties associated with the occurrence, on an unprece- 
dented scale, of thick beds of bentonitic character, locally known as 
“‘running mudstones,” rendered all drilling operations abortive with the 
technique then available. Improvements in the drilling of such heaving 
muds during the past few years has fostered the hope that drilling may 
now be undertaken with better hope of success. 

An Australian company, the Papuan Apinaipi Co., has secured a 
concession over an area that includes the Popo district, where the previous 
unsuccessful drilling was done. It proposes to investigate another of 
the structures mapped by the Anglo-Persian company—the Apinaipi 
dome—by means of geological survey and scout drilling, with a view to 
location of a site for a test well. These operations are only in their initial 
stages at present. 


Petroleum Developments in Austria, Hungary 
- and Czechoslovakia 


By Branpon H. Grove* 
(New York Meeting, February, 1938) 


AUSTRIA 


Tue Zistersdorf field, near Vienna, continues to be Austria’s only 
producing area. During the year the field was slightly extended by 
Rohél Gewinnungs A.G. in its Rag 2, which in April came in for an initial 
120 tons daily through an 8-mm. (0.315-in.) bean, from the twelfth 
Sarmat sand at 1447 m. (4747 ft.). The amount of fluid produced by this 
well has remained essentially constant, but after the first several months 
water appeared and increased to some 50 per cent of the total. Two 
subsequent extension wells, Rag 3 and Rag 5, northeast and west of Rag 2, 
found only water-bearing sands, and drilled through the main fault and 
into the Flysch at 1683 and 1401 m. (5522 and 4596 ft.), respectively. 
At the close of the year preparations were under way to deviate both wells 
away from the fault to test still deeper sands. 

Within the previously proven area of the field Erdélproduction’s 
Gésting VII came in flowing a maximum of 440 tons daily, the highest 
individual production yet recorded. This company’s Gésting VIII also 
yielded an initial production of 20 tons daily, and its Gésting XI, drilling 


TABLE 1.—Oil and Gas Production in Austria, Hungary and Czechoslovakia 


Area Proved, Acres Total Oil Production, Bbl.1 

Age, > 

Country, Field to Oil & = 

o . To End of | © | During > 
& of 1937] Oil ane. Gas | Total 1937 PA 1937 | § 2 
Z FT pay 
5 as 
ie A ie: 
1 | Czechoslovakia, Gbely (Bigbell) tic note arh = Gustin 24 y | 200} y 200 | 2,021,138 | 79,191] 93,618} 299 
2 Czechoslovakia Hodonin (Géding)............. 18 y| 150] y 150 843,768 | 64,343) 31,890) 117 
|| Austria, Zesteradory 0h. csccuk desea patch cans 8 y| 90] 0 90 371,433 | 44,163] 237,482) 686 
4) Hungary bukbetek: wk. 7.1 tutors ee te ere 1 20 es 20 8,222 0} 8,202) 35 
5 | Hungary, Budafa-Puszta.................... 1 vy wi} 7 7] 12,222 0} 12,crz y 


“ Footnotes to table heads and explanation of symbols are given on page 313. 
1.One metric ton =.7 barrels. 


Manuscript received at the office of the Institute Feb. 10, 1938. 
*Socony-Vacuum Oil Co., Inc., Hamburg, Germany. 
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in December in the Sarmat below 1100 m., showed an extremely favorable 
Schlumberger log. 

As an important wildcat may be mentioned R.K. van Sickle 1, which 
attempted to extend the Zistersdorf producing area some 5 km. (3.1 miles) 
to the northeast. The well found all sands water-bearing, and was 
abandoned in the middle Sarmat at 1383 meters. 


HUNGARY 


During 1937 Hungary became for the first time an oil-producing 
country, through two widely separated discoveries of apparently very 
unequal importance. 

At the beginning of the year a production test on the Eurogasco 
(Standard Oil Company of New Jersey) wildcat at Budafa-Puszta (Lispe) 
in southwestern Transdanubia near the Yugoslavian border, resulted in 
an initial flow of 380,000 cu. m. daily of gas accompanied by a small 
amount of crude oil, through a 20-mm. choke, and under a casinghead 
pressure of 84 atmospheres, from the lower Pannonian (Pliocene) between 
1066 and 1136 meters. 

Production was restricted to fuel for a second well, located 34 km. to 
the east. In November, Budafa-Puszta 2 came in for an initial 70 tons 
daily of very high-grade oil, under 56 atmospheres casinghead pressure, 
from horizons between 1168 and 1179 m. in the lower Pannonian. It is 
said that excellent indications were also obtained in the Sarmat below 
1522 m., but could not be tested because the hole is junked at this depth. 
No. 2 was shut in pending the construction of a pipe line to the railroad 
station at Csémédar-Paka, which was completed in December. At the 
close of the year the well was producing steadily 50 to 60 tons of oil 
through a 5-mm. bean, and drilling had begun on Budafa-Puszta 3, 


TABLE 1.—(Continued) 
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Total Gas Pro- Depth, Oil Production 
duction, Millions Number of Oil and/or Gas Wells Average Methods at End of jberanae 
Cu. Ft. in Feet 1937 In. 
2 During | At End of 1937 2 g | Number of Wells somes: 
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situated 114 km. to the east. The Budafa-Puszta wells are on a large 
east-west trending anticline found by the torsion balance, and the dis- 
covery appears to be of considerable importance. 

Hungary’s second oil field was discovered in April by a Government 
wildcat at Biikkszek, on the edge of the great Hungarian plain 125 km. 
east-northeast of Budapest. The oil comes from spotty sands in the 
middle Oligocene, at depths averaging about 100 m. The structural 
relationships are still uncertain. 

Since its discovery 14 wells have been drilled at Biikkszek, 8 of which 
have given some production. The initial yield is small, averaging about 
one ton daily per well, and thus far the enterprise is of doubtful com- 
mercial worth. 

Eurogasco’s Mihalyi 1, which last year discovered a large potential 
production of carbon dioxide, has been prepared for the possible manu- 
facture of dry ice, and a second well, Mihalyi 2, is being drilled near by. 
At the close of the year the latter was bottomed at 2374 m. in the lower 
Pannonian and had not yet encountered indications of importance. 


CzECHOSLOVAKIA 


There were no significant petroleum developments in Czechoslovakia 
during 1937. Production declined in the Apollo company’s field at 
Hodonin (Géding), in Moravia, despite efforts {o maintain it by drilling. 
The present producing area appears sharply limited by faults except to the 
south, and test wells have thus far failed to extend it in this direction. 
The proved area possesses theoretic possibilities for deeper produc- 
tion, which cannot be tested until adequate drilling equipment has 
been acquired. 


TABLE 1.—(Continued) 
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Production in the government’s field at Gbely (Egbell), in Slovakia, 
rose markedly during the year because of the success of wells in the new 
extension. The old field has been completely drilled up since 1928, and 
produces a maximum of 300 to 400 tons annually from the intermittent 
bailing of a few wells. 

The apparent success of the Apollo company’s wildcat at Ratiskovice, 
previously reported, proved short-lived. Production declined rapidly 
in a few days, and ceased completely within a month. A second well, 
drilled in the vicinity, also produced about 5 tons daily for a few days and 
then gave out entirely. It is probable that this oil came from secondary 
crevice accumulations, and well No. 2 is being deepened to a contem- 
plated 800 m. into the Flysch basement, in the hope of discovering better 
reservoir conditions. At the close of the year it had reached 600 m. 
(about 400 m. in the Flysch) without encouraging results. 

The Government continued its wildcatting effort at Jasina, in eastern 
Ruthenia, deepening the previous hole by some 100 m., to 1200m. The 
well is still bottomed in Cretaceous Flysch, and is still encountering 
traces of oil and gas. A Government wildcat is also prospecting the 
Flysch at Staskov, in north central Slovakia. 


TABLE 2.—Important Wildcats Drilled in 1937 
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Location Total 
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District Lat. | Long. 
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| Lower Austria | 48°37’ | 16°40’ | 4,531 | Pliocene 
47°50’ | 19°55’ | 2,296 | Oligocene 

Transdanubia | 46°30’ | 16°45’ | 5,801 | Pliocene 

Transdanubia | 46°30’ | 16°45’ | 4,921 | Pliocene 


Initial Production Pressure, Lb. 
per Day per Sq. In. 
A Choke 
Deepest Horizon Drilled by or Bean, Remarks 
Tested Oil a 
U.S Casing | Tubing 


Dry in middle Sarmat 


1 | Upper Miocene | Erdolproduction Ges. y inn 
2 Pe verlvatian Hungarian state Drilling in Carb. Basement 
3 | Upper Miocene | Eurogasco 1,200 850 
4 | Upper Miocene | Eurogasco 850 525 


Austria Hungary Czechoslovakia 


| 
In Proven) wildeats |!4Pteve™ | wildeats | Myiaigy "| Wildoats 


Number of wells drilling Dec. 31, 1937...... 


Number of oil wells completed during 1937. . 
Number of gas wells completed during 1937. 
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Number of dry holes completed during 1937. 
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The Rutgers company has acquired the minor Flysch production 
at Mikova, in the Ruthenian Carpathians, and is preparing for extensive 
test drilling in the vicinity. 

No attempt was made during 1937 to begin the mining of the “dead”’ 
oil occurrence at Sokolnice, near Brno, in the Miocene of the Carpathian 
foreland. The known reserves here amount to several hundred thousand 
tons, but the possibility of exploiting them commercially at the present 
time seems doubtful. 
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Petroleum in Bahrein Island in 1937* 


THe oil production in Bahrein for the year 1937 was 7,762,264 bbl., 
a monthly average of 646,855 barrels. 

Sufficient potential production had been developed in the Second Pay 
(Main Pay) at Bahrein by the end of 1936 to supply the anticipated crude 
demand, and the drilling program was changed from straight develop- 
ment to partial exploration during 1937. Two nonproductive wells were 
drilled to test the Third Pay at a depth of about 2900 ft., or some 900 ft. 
below the top of Second Pay. As a result of this exploratory work, the 
normal drilling program was slowed down and only eight new wells were 
completed in the Second Pay during 1937, making a total of 45 producers 
from the Second Pay. 

The deep test was drilling at 5081 ft. at the end of the year. A 
550-ft. section (termed Fourth Pay) of porous limestone interbedded with 
anhydrite was topped at about 4150 ft. Numerous drill-stem tests 
indicated that the limestone was very permeable and that it carried large 
volumes of natural gas under high pressure together with a small amount 
of high-gravity oil or condensate. Drill-stem tests also indicated that the 
bottom 50 ft. of the 550-ft. section carried an encouraging amount of 
heavier oil, gravity about 37° A.P.I., with characteristics similar to the oil 
produced from the Second Pay. A well was started somewhat down- 
structure from the deep test to better determine the oil-producing possi- 
bilities of the Fourth Pay. 

Some refinements in drilling technique were adopted during the year. 
All wells started to the Second Pay were drilled with rotary from the 
surface. The top 1500 ft. of porous limestone section, formerly drilled 
with cable tools, is now drilled with rotary without circulation, using water 
to wash the cuttings into cavities. The shale section from this point 
to the top of the oil horizons is drilled with natural mud circulation. The 
productive horizons are drilled with oil circulation under pressure control. 
A second satisfactory method of completing wells was developed when the 
two Third Pay test wells were plugged back and gun-perforated through 
cemented casing opposite the Second Pay, with good results. 


* Information received through the courtesy of the Bahrein Petroleum Company 
Ltd. Manuscript received at the office of the Institute April 18, 1938. 


639 


Development of the Petroleum Industry in Bolivia in 1937 


By Jorge Munoz Reyres* anp GuILLERMO Martacat 


THE new entity, Yacimientos Petroliferos Fiscales Bolivianos, 
created in 1936 for the development and exploitation of all petroliferous 
zones of Bolivia, including those formerly belonging to the Standard 
Oil Co., is doing its utmost to bring about rapid development and by this 
means to create a new source of revenue for the State. 

With this in view, Y.P.F.B. has opened a new field in the Samaipata 
region, on the main road between Cochabamba and Santa Cruz. Instal- 
lation of machinery has begun for the drilling of several wells on the five 
anticlines that occur in this region. Work has also begun in the Saipuru 
field, on the Santa Cruz-Charagua highway, which was discovered by the 
Standard Oil and temporarily abandoned. In this new field, a topping 
plant will be installed, to supply gasoline and kerosene to Santa Cruz. 
Explorations are also being made on the neighboring structures of Saipuru. 

At the end of 1937, the committee that is to study the region of the 
Chapare in the northeastern part of Cochabamba, was organized. The 
structures were studied 10 years ago by Kirtley Mather and other 
geologists. It is hoped that by March 1938 this camp will begin work, 
as this zone gives promise of being valuable. 


DEVELOPMENT 


The capacity of the refinery at Camiri has been enlarged in order that 
it may supply all the needs of that region. In order that the supply of 
crude may be adequate, several wells that had been almost abandoned 
by the Standard Oil are being cleaned out. New wells have been located 
at this camp following the principal anticlinal structure, and during the 
first half of the year 1938 several wells will be drilled. 

The same program is being followed in Sanandita but on a greater 
scale, as the nearness of this district to the Argentine border, which is 
the best market for the Bolivian petroleum of the south, allows immediate 
sale of the petroleum. Possibly a new refinery will be installed at this 
camp, as the one now in existence is only a rudimentary distillery. 

At the Bermejo camp, which is farther south, intensive work is being 
done to bring the wells into production. The Standard Oil produced 
limited quantities several years ago, but since 1927 the wells of this dis- 


Manuscript received at the office of the Institute Feb. 21, 1938. 
* Yacimientos Petroliferous Fiscales Bolivianos, La Paz, Bolivia. 
{ Direcion General de Minas y Petréleos, La Paz, Bolivia. 
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trict have been closed and the camp nearly abandoned. It is possible 
that a 6-in. pipe line will be built between camp Bermejo and the neigh- 
boring town of Oran, which is the terminal point of an important railway. 

The cost of transportation of gasoline and other products of petroleum 
from Camiri and Sanandita to the western markets of Bolivia has been 
high because transportation has all been by tank wagon. An agreement 
has been made with the Argentine Republic for railroad transit, which 
will lessen the cost of transportation and so cheapen petroleum products 
when sold in the markets of the high plateau. This transit agreement is 
one of the best proofs of the good will that now exists. Also, agreements 
have been made for the sale of Bolivian petroleum in North Argentina 
and for the interchange of products. 


COOPERATION WITH BRAZIL AND CHILE 


About the middle of 1937, the Brazilian Republic sent a delegation of 
technical men, headed by the Chief of the Bureau of Mineral Production 
of Brazil, to Bolivia to study the possibility of developing petroliferous 
fields in this country, from which all or the majority of the production 
would be for the Brazilian market. The delegation remained in Bolivia 
for three months and studied especially the eastern foothill belt of 
the Andes. 

As a result of the visit of this delegation, treaties have been signed 
which tend to the development of the petroleum and railroad industries 
so that the relations of the two countries may be strengthened. The sum 
of a million and a half dollars will be spent in exploration work in the 
region between Parapeti River and River Ichilo, and an ample plan for 
drilling will be worked out. If production justifies it, a pipe line will be 
built so that this petroleum may be taken into Brazil, where it will be 
refined and sold. A program for the creation of companies with part 
public and part private capital has been laid out, the companies always 
to be supervised by Yacimientos Petroliferos Fiscales Bolivianos. 

The Brazilian-Bolivian delegation made extensive studies of the 
Sub-Andean region and also of a new region called ‘‘Chiquitana”’ which 
is situated on the eastern plains between Santa Cruz and the Paraguay 
River, including the range of San Jose and Santiago in the Provinces of 
Nuflo de Chavez, Velasco and Chiquitos. At the beginning of 1938 the 
permanent commission, composed of technical men from both countries, 
must start its detailed study of the geology of the Sub-Andean and 
Chiquitana regions. 

In order to reduce the cost and the price of sale of petroleum products 
in the western markets of Bolivia, which are at present the most impor- 
tant of the country, a plan for building a big refinery on the high plateau, 
possibly in the town of Challapata, is being contemplated. Crude oil 
would be transported by railroad to the refinery. 


642 DEVELOPMENT OF THE PETROLEUM INDUSTRY IN BOLIVIA IN 1937 


Chilean and Bolivian authorities have explored the district of Pacajes, 
on the Mauri River, and will continue to do so in 1938, to see whether 
there is any possibility of commercial production, for sale mostly in the 
Chilean markets and in southern Peru, besides providing at a low cost for 
the mining centers of the high plateau. 


OUTLOOK 


It may be said that Bolivia is just starting an era of intense develop- 
ment in petroleum production, since in the last 16 years no steps were 
taken to develop this industry, which constitutes a source of wealth for 
the country and which will in the near future occupy a predominant place 
in the economy of the country, the place that now is occupied by the 
tin industry. 


PRODUCTION 


During the year 1937, production was as follows: crude oil, 19,587,718 
liters (123,193 bbl.); gasoline, 10,264,217 liters (64,555 bbl.); aviation 
gasoline, 227,836 liters (1,433 bbl.); kerosene, 346,532 liters (2,179 bbl.); 
fuel oil, 8,465,938 (53,244 bbl.). 
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Oil-field Development in Burma and India 
By L. Dupuy Sramp* 


On April 1, 1937, Burma, formerly a province of the Indian Empire, 
was formally separated from India and became an independent unit of 
the British Commonwealth. In future, therefore, statistics of oil produc- 
tion in India will exclude Burma and those for Burma will be sepa- 
rately published. 

The last few years have been marked by noteworthy, almost spec- 
tacular, developments in the oil fields of Burma and the Punjab. In 
Burma these developments have been the proving of unexpected exten- 
sions of the existing fields and not the discovery of entirely new fields. 
The new extensions are important not only to Burma in giving a new 
lease of life to her fields, but also in general as stressing some interesting 
geological aspects hitherto neglected. 


PRODUCTION 


The production of crude oil in Imperial gallons has been: 


SO 


Burma India 
1934 254,760,070 67,265,210 
1935 251,338,974 71,323,362 
1936 265,656,393 69,241,504 
1937 (est.) 270,000,000 70,000,000 
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The Chindwin Fields—The small field at Indaw continues to produce 
steadily about 3,000,000 gal. a year, but no really deep test has yet been 
successfully carried out and resources are thus not yet fully known. The 
remote location of the field, inaccessible except by river and situated 
922 miles from the Chindwin 270 miles up that river from its junction with 
the Irrawaddy, has not encouraged active exploitation. The field is 
worked exclusively by the Indo-Burma Petroleum Co., Ltd. (I.B.P.), 
using now an automatic gas-lift system, and the company formerly 
refined the oil at a small refinery at Pantha on the river near by. The 
chief market was for kerosene in upper Burma. The refinery has now 
been closed. The oil is stored on the field during the low-water season 


Manuscript received at the office of the Institute March 11, 1938. 
* University of London, London, England; formerly University of Rangoon. 
643 


644 OIL-FIELD DEVELOPMENT IN BURMA AND INDIA 


(when the main channei of the Chindwin has a depth of as little as 2 ft. 
6 in. in places) and sent down by oil flat in the high-water season, to the 
company’s main refinery near Rangoon. 

The Burmah Oil Company (B.O.C.) is carrying out a deep test at 
Yenan, near Yuwa, on the western side of the Chindwin. Farther south 
on the eastern side of the Chindwin at Palusawa, the I.B.P. testing of a 
faulted dome has been temporarily abandoned. 

Yenangyat-Lanywa-Singu Fields.—This long line of fields is associated 
with one long anticline of Peguan rocks stretching some 50 miles from 
north to south. The fold is like most in similar situations in Burma, 
asymmetric with a gentle limb on the west and a vertical or slightly over- 
folded limb on the east. Towards the south the river Irrawaddy cuts 
across the fold obliquely from northeast to southwest so that the north- 
ern group Of fields is in the Pakokku district, the southern group in Magwe. 

Toward the northern end the fold is deeply dissected, and most of 
the oil-bearing horizons of the south have been denuded away. The 
small old Sabé field occupies a local crest maximum, the centrally placed 
Yenangyat field occupies another local crest maximum and has been the 
scene of recent drilling activity and increased production, mainly by the 
B.O.C. and the B.B.P. 

Near the village of Lanywa, on the right bank of the Irrawaddy, the 
I.B.P. many years ago drilled five wells actually on the banks of the river. 
A somewhat irregular production from three of them led the company to 
believe that the Singu field extended under the main bed of the river. 
Accordingly, the company obtained Government sanction to build a wall 
and so enclose a large sandbank formerly exposed only in the low-water 
season. On this sandbank is now situated the famous model field of 
Lanywa. The wall, built of local stone and brick, is now 11,500 ft. long, 
and 90 wells have been drilled, of which 80 are now producing (February 
1938). The initial production from some wells may be as much as 
600 bbl. per day, but the total offtake is controlled according to the 
requirements of the company’s refineries near Rangoon. In 1937 it was 
about 17,000,000 gal. The field is entirely electrified, current being 
generated by gas engines using gas from the field on the spot. Most of 
the wells are pumped in pairs continuously. The oil is sent by river to 
the refineries near Rangoon. The company has also the rights over the 
oil under the bed of the river, the river channel still being 3000 ft. wide. 
A scheme to mine this oil has been under consideration for some time, 
but obviously oblique drilling is another solution of the problem and is 
now being tried out. 

Singu, or Chauk, is still the main reserve of the B.O.C. outside 
Yenangyaung, and is on the left bank of the river facing Lanywa. Pro- 
duction is controlled according to the needs of the refineries and develop- 
ment is still limited. The B.O.C. has, however, followed a policy of 
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offsetting or of intensive development along the margins of its property. 
Thus, following the success of the Lanywa wall, the B.O,C. constructed a 
wall along the margin of its concession 660 ft. from the old river bank, 
and now has a closely spaced line of wells actually along the crest of the 
wall. Farther south, just beyond the western margin of the B.O.C. 
concession, oil was obtained some years ago by the Hessford Develop- 
ment Syndicate, and again offsetting was practiced. The Development 
Syndicate eventually sold its rights to the B.O.C. 

Down the steep southern pitch of the Singu fold an extensive pool 
was located and developed by the British Burmah Petroleum (B.B.P.) 
and Rangoon Oil Companies. This Negya field was, at the time, 
unexpected, but in richness has now been far exceeded by a new pool still 
farther down the pitch. A normal fault with a very low hade crosses 
the fold approximately from east to west and has sealed off a large field 
to the south. This is now worked jointly by the I.B.P. and B.B.P. 
(operating as the Pyinma Development Co., Ltd.) which have now 
(February 1938) 24 wells over a proved area of some 200 acres. The 
oil is largely from one sand (the Moola oil sand) at between 400 and 
500 ft. but the whole extent of the new pool is by no means yet known. 
Along the eastern margin—that is, roughly long the crest of the fold— 
the Moola Oil Co. has also practiced offsetting and has a double line of 
wells (41 in all, February 1938). All are, however, small producers. 
The drilling for this native company is carried out by the Burmah Oil 
Co., which also purchases the oil produced. The new field as a whole 
illustrates the great importance of cross faulting in sealing off the fields 
into separate blocks. The whole Singu field has been electrified, the 
power being brought from the B.O.C. power station at Yenangyaung 
and sold to the various operating companies. 

Yenangyaung.—This famous oil field, fully considered in previous 
years, has produced continously from machine wells for 50 years. The 
recognition of a slight asymmetry of the fold and the consequent success- 
ful testing of a large eastern extension has almost doubled the proved 
area of the field and so added greatly to its life. As in Singu, southern 
pools sealed off from the main field by cross faulting have been proved 
but do not appear as rich as at Singu. 

The main part of the Yenangyaung field is in the concessions of the 
B.O.C. but in the midst two small areas—the Bemé and Twingdén 
reserves—were set aside for the benefit of the Twinzayos—hereditary 
Burmese owners. The owners were allowed to sell the well sites and so 
the reserves have been the scene of fierce competitive drilling, so that 
now practically no well sites remain. There are still a few Burmese 
hand-dug wells remaining. 

The whole of the Yenangyaung field has been electrified in the. last 
10 years from the central B.O.C. power plant at Ngaunghla (on the 
Irrawaddy just southwest of the field). The B.O.C. wells are now 
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pumped in groups of 80 or 90 by band-wheel central pumping powers and 
the power is sold to the other operating companies for pumping purposes. 
The consequent changes in the field are still taking place. Instead of 
being noisy with steam engines, the whole field is now almost silent. 
The old wooden rigs are disappearing, their place being taken by simple 
tripods, while all new rigs are of standard steel type. Thus the 
whole field appears much less congested than formerly and there is a great 
economy in labor. 

The new eastern extension of the main field has been successfully 
tested and exploited to depths up to 8000 ft. The new southern pool is 
worked mainly by the B.B.P.; it has been moderately successful but does 
not seem to have reserves as large as the new field at the south end of 
Singu. The I.B.P., and Natsingh Oil Co. also operate at Yenangyaung. 
The latter has a small refinery at Ngaunghla, the B.O.C. oil is sent by 
pipe line to the refineries at Syriam (Rangoon), and the other companies 
ship their oil by oil flat on the river. 

Minbu, Yethaya and Palanyén.—There is little to record regarding the 
three small fields along the Minbu fold of Peguan rocks. A refinery has 
been erected by an independent company at Yethaya (the Upper Burma 
Refinery Co. Ltd.). 

Yenanma and Padaukpin.—The Indo-Burma Oilfields (1920) Ltd., 
which worked these fields (Padaukpin in conjunction with the Premier 
Oil Co., Ltd.) has gone into liquidation, but the fields are still worked by 
the liquidators (Fortescue Brothers). The production from the shallow 
wells (800 to 500 ft.) of the Yenanma homocline or monocline is about 
200 bbl. a day, and the operation is a profitable one. 

Monatkén.—The B.O.C. test on this dome in the Thayetmyo district 
reached 8200 ft. It was the deepest test in Burma, but failed to find 
any oil. 

Pyayé.—The first well on this structure tapped an enormous gas sand, 
which blew wild for a number of months (yielding between 20,000,000 
and 30,000,000 cu. ft. of gas per day). Eventually it was closed in. In 
1936-1937 the gas was piped to Thayetmyo and used as fuel for a new 
venture, the Burma Cement Co. Ltd., which uses limestone from a 
near-by hill and has now a considerable and successful output of cement 
of good quality. The fuel used is about 2,000,000 cu. ft. per day. The 
I.B.P., which controls the field, is now (February 1938) starting a deep 
test for oil at Pyayé. 

The Punjab.—The most remarkable development in India in recent 
years has been in the Punjab. The Attock Oil Co. Ltd. continues to 
exploit its successful though disappointing field at Khaur and also tested 
the open dome of Dhulian a few miles to the southwest. The test 
resulted in the discovery of a fine field in limestone; the first well came 
in at over 600 bbl. a day, and two wells provide all the oil the company 
can handle at present. 


Petroleum and Natural Gas in Canada during 1937 


By G. S. Humr* 


(New York Meeting, February, 1938) 


As predicted a year ago, owing to the discovery in 1936 of crude oil on 
the west flank of the south end of Turner Valley in the eastern foothills 
of Alberta, 50 miles southwest of Calgary, and the drilling activity 
that resulted, the production of crude oil in Canada during 1937 showed a 


TaBLeE 1.—Production of Petroleum in Canada 
BaRRELS OF 35 ImpERIAL GALLONS = 42 U. S. GaALLons 


Province 1936 19374 
INIVGTETH Soe. ogee BNI Be cacti areal Gira Re nero aerate 1,310,000 2,796,908 
ORL ATLO MR ett wy ie ches rede ot stats Paha See 165,495 164,197 
INGWWR DEUS WICK ee Manone sich chs Sin ecient watchin em ele & 17,112 22,549 
NOR UM WV CStHLOLELDOTICS wine: prints tated ois earner otha ope 5,399 aesyal 
TMG 0 AS ceva ig telebeeak SRE eR INES ad as a Roe Rnea 1,498,006 2,995,025 


ee ee ee 
« Production estimated by Mining, Metallurgical and Chemical Branch, Bureau of 
Statistics, Ottawa. 


TaBLE 2.—Production of Petroleum in Alberta 


1936 1937 


“Tepema: WIGS kn os oe eke boa oe ate cee © 2 rain nari anime eonceai 


1,278,000 | 2,767,221 
ede oulec-BOrder silt iets os oc yer it 17,000 13,790 
VOMIT bie ce workers ancl soars le 4 wale ee ee wiearinnd we 14,700 14,697 
Sci amet, Silt). chases bain ba sbelecatal ee Fall he 300 
Liles ESM Aen se oeee nck cuca, Uhawes presets eee orem aregcein She 600 
IM EGRO. «A are Me lo nee eee Son cage oe rar ge oo 600 


1,310,000 | 2,995,025 


very substantial increase over the previous year. The production from 
other parts of Canada is relatively small and shows slight variations only 
from year to year. The production of crude oil in Canada and the produc- 
tion in Alberta, the main producing Province, is shown in Tables 1 and 2. 


Manuscript received at the office of the Institute Feb. 14, 1938. 
* Geologist, Geological Survey of Canada, Ottawa, Ont. 
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Proration—These production figures, however, give a very incom- 
plete history of-developments because the oil supply in Turner Valley 
increased so rapidly in the late summer of 1937 that pipe lines and market 
facilities could not be adjusted to the new conditions with sufficient 
rapidity to take care of the whole production. The result was that the 
major refining companies, through whom most of the supply is marketed, 
were forced to inaugurate proration. The first proration of 65 per cent of 
potential yield was put into effect on Sept. 12. On Nov. 1 this was 
decreased to 45 per cent and on Nov. 15 again decreased, to 35 per cent. 
It remained at 35 per cent to the end of the year when it was increased to 
42 per cent as adjustments in marketing were made. In December 1937 
and in January 1938 tests made by the Alberta Department of Lands and 
Mines showed a daily potential crude-oil production in Turner Valley of 
26,803 bbl., an amount sufficient to take care of the needs of the whole of 
the prairie provinces of Canada. This production comes from 35 wells, 
25 of which were drilled and finished as crude-oil wells in 1937. Seven 
of these 35 wells originally were finished as naphtha-gas wells but in the 
course of time the product yielded by them gradually became heavier 
and is now crude oil. In each of these wells, however, the production 
is relatively small in comparison with that of the wells finished within 
the crude-oil area. 

Acid Treatment.—Production has been greatly augmented in Turner 
Valley by the use of acid. The productive reservoir rock is Palaeozoic 
limestone and dolomite and in the wells 5,000 to 10,000 gal. of 15 per cent 
hydrochloric acid have been used. The effect of acidization is illustrated 
by Turner Valley Royalties well, completed in June 1936 with a flow 
of 850 bbl. of 44° A.P.I. oil a day. In June 1937, when the production 
had dropped to 550 bbl. a day, the well was acidized. The average daily 
production for July 1937 was 1203 bbl., and at the end of 1937 the 
potential of this well as measured by the Alberta Department of Lands 
and Mines was 1221 bbl. a day, the potential being based on five days 
average production. 

Size of Area—The proven crude-oil area on the western flank of 
southern Turner Valley is now 3 miles long by 34 mile wide. There is 
no doubt that drilling will greatly extend this area, as the production 
limits are so far not defined to the south, north or west. On the east 
the higher parts of the structure contain gas. One of the remarkable 
features of Turner Valley is the amount of closure within the producing 
area. This now amounts to 3718 ft. on the top of the Palaeozoic lime- 
stone and no edge water has been encountered. There is a strong 
probability that oil occurs at a considerably greater depth down the 
west flank. 

Deep Wells.—The deepest well in the crude-oil area is 7475 ft. and the 

shallowest 6060 feet. East of Turner Valley and west of the town of 
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High River, Alberta, a well reported as having reached a depth of 8750 ft. 
at the end of 1936 was finished in 1937 at a depth of 8988 ft., where water 
was encountered. This well is in the Alberta syncline, a broad downwarp 
east of the foothills. 

Taber and Ribstone Fields.—At Taber, in southern Alberta, a crude-oil 
area was discovered by the Plains Petroleum Co. In the discovery well 
some water troubles developed. The gravity of the oil is 27.5° A.P.I. 
Three wells have been drilled. The Ribstone field in eastern central 
Alberta has been reopened after several years of inactivity. The oil 
in this field is heavy but occurs at less than 2000 ft. in depth in Lower 
Cretaceous strata. To the west of the Ribstone area and east of the 
Wainwright, a well was drilled on the Battleview structure, discovered 
by the Geological Survey of Canada in 1935. The well showed a satu- 
rated oil core and gave a large flow of gas. At present it is closed in. 
The productive horizon occurred in Lower Cretaceous strata at a depth 
of 1893 feet. 


Gas 


The gas produced in Canada is shown in Table 3. Turner Valley 
continues to be the main source for all gas used in Calgary and in centers 
of population adjoining the Calgary-Foremost pipe line. The peak load 
of gas used in Calgary in the winter months is about 60,000 M cu. ft. a 
day but in summer the consumption is much less. The Bow Island gas 


TaBLE 3.—Production of Natural Gas in Canada 
THOUSANDS OF CuBIc FEET 


Province 1936 1937 
IM orca eee ire tite hates ae eau wis 16,650,000 17,058,439 
Saugictehe waist steer tn ie oii ste ib. 5.00 Suisnal adc 90,312 92,528 
INGO Dan ele a een o caeccny OS sion es 600 600 
NEUE ORI ree alee RON itrct theese sar hae a fe, SUE wits 10,016,444 10,190,334 
AN eapvasOTULEMS WVLG ee cocseseee ose eee ate euey Wereiteins chee oes. cS uenel 606,246 576,629 
ictal MMR ea Roasts Seka en Gor raeete teh cakes 27,363,602 27,918,530 


field of southern Alberta was approaching exhaustion in 1930 when 
repressuring operations were begun with excess Turner Valley gas. Up 
to July 31, 1937, almost ten billion cubic feet of gas had been forced back 
into the field, and the pressure increased from 248 to 542 lb. Repres- 
suring operations are still being continued. A few shallow wells near 
the town of Brooks continue to supply gas for this town. At Medicine 
Hat, the gas field is partly owned by the city and after 33 years of con- 
tinuous operation is still a very important producer. 
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The Viking gas field, 70 miles east of Edmonton, continues to be the 
main source of supply for that city. To the east of Viking a small field at 
Fabyan supplies gas for the town of Wainwright. 

At Lloydminster, Saskatchewan, close to the Alberta border, some 
further drilling for gas was done during the year. The supply is being 
used only in the town of Lloydminster. 

In Ontario drilling for gas in the peninsula between lakes Huron, 
Erie and Ontario continues to meet with considerable success. In 
Raleigh township, Kent County, one well at a depth of 1536 ft. encoun- 
tered 17,000 M cu. ft. in the top of the Guelph (Silurian) formation. Two 
wells in Dereham township, Oxford County encountered more than 
20,000 M cu. ft. each in the same horizon at 939 ft. Numerous other 
smaller gas wells were successfully completed. In the old Petrolia field, 
one of the early oil fields opened in Canada in 1865, a well was drilled 
to the pre-Cambrian granite, which was encountered at a depth of 4120 ft. 
No production was found below the main producing horizon, which still 
continues to yield oil in this field after 72 years of continuous operation. 


~~ 
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Petroleum Developments in Colombia during 1937 


By O. C. WHEELER,* MemsBer A.I.M.E. 
(New York Meeting, February, 1938) 


THE activity in exploration and in the acquisition of prospective oil 
lands that reached such a high level in Colombia during 1986 gained 
momentum and reached unprecedented proportions during 1937. Both 
national and private lands were taken up. 

In the Magdalena Valley above Puerto Berrio, leases on large tracts of 
private lands are held by Richmond (Standard of California), Shell and 
Texas. Tropical also owns leases covering a block of acreage in this area 
near Honda. From Puerto Berrio to El Banco most of the acreage is of 
national ownership, and concessions covering parts of this area have been 
granted to Tropical, Socony Vacuum, Shell and others, while applications 
for additional concessions are pending. Latterly leases on private lands 
below the Lebrija River have been taken out by Shell and Richmond. 

In the drainage basins of the Meta and Guaviare Rivers of the Llanos 
region of eastern Colombia, several of the major companies have carried 
on geological exploration and it is understood that some private properties 
have been leased or optioned. 

Under Colombian law, subsoil rights are reserved to the nation on all 
lands that passed from Government ownership after Oct. 28, 1873. 
Private titles antedating that day carry both surface and subsurface 
rights. Conditions under which lands may be acquired, explored and 

TaBLE 1.—Oil and Gas Production in Colombia 
En iis Getcha aera i pet fn 


Total Oil Production, Bbl. 


oe 
: ears 
Field, County to End Daily 
a of 1987 To End of | During During Aree 
& 1937 1936 1937 Now 
E| 1937 
Z. 
g 
i . — 
be NG dnt ate Lich OO Sera 19 112,735,748] 6,364,429) 6,481,173] 17,829 
4 Lees UE Bie Hw. Ml aha eat RRO ea 11 93,385,745| 12,391,680 13,816,673} 41,665 
S3lul | Pras IVLONES.y SEMEGLEN ce cae iirslolaicicititi sakes oleraemnislatts 27 Gy -r 10 
4 | Petrolea, Santander del Norte..........-.-.-s0cceseeueneee 6 
5 | Rio de Oro, Santander del Norte..............:0eeesesn ees 17 


Manuscript received at the office of the Institute Feb. 12, 1938. 
* Chief Geologist, International Petroleum Co. Ltd., Toronto, Canada. 
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developed for their oil resources are given under Law 37 and its Regu- 
lating Decree No. 1270 both of 1931, and by Law 160 of 1936 and its 
Regulating Decree No. 950 of 1937. 

The status of applications of various companies for concessions on 
national lands, as reported by the Ministry of Industries, is shown in 
Table 2. 


OPERATING COMPANIES 


Colombian Petroleum Company.—During the year 1937 seven wells were 
completed on the Barco Concession—four at Petrolea and three in the 
Rio de Oro area. Of the Petrolea wells, three were completed as pro- 
ducers with a total initial production of about 2400 bbl., and one was a 
dry hole. Of the three wells in the Rio de Oro area, two were producers 
with a total initial production of 4000 bbl., and one was a dry hole. To 
date there are 12 producing wells in the Petrolea field, varying in depth 
from 650 to 1650 ft. In the Rio de Oro area there are three producers 
with depths from 1300 to 1650 feet. 


TABLE 1.—(Continued) 


Number of Oil and/or Gas Wells Depth, Average in Feet Oil Production Methods at End of 1937 


During 1937 Number of Wells 


Completed | Bottoms of | To Top of 


& to End of Productive | Productive 3 
g 1937 Wells Zone AR 
‘Z Completed | Abandoned Flowing | Pumping | Gas-lift | Air-lift & = 
g Ba 
| & 
1 1,000-2,600} 400-2,200 
2 00-4204) 400-3.050 | }72 | $493 | fa 0 | }s2 
4 
5 
Character of Oil, Approx. : Deepest Zone 
Average during 1937 | Character of Producing Rock Tested to End 
Gas, Approx. of 1937 
during 1037 
rf luring 19. 
Gravity A.P.I. mer 
EE 
C Depth 
. 2 & ree of 
% BM - \sdS Hole, 
g 4, ($5.| 8 [SES Ft 
z 2 |2<3| 3 |gss : 
2 F} z Le gm = g=% 
Ata] pe ee tee eee 6| & Sea] & ose 
1 A 50-200] AF | 15 4,048 
2 } 50-175] AF 1 3,536 
4 7% 5,434 
. A 6,717 


¢ Footnotes to table heads and explanation of symbols are given on page 313. 
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; Socony Vacuum Oil Co.—The Socony Vacuum Oil Co. holds conces- 
sions between the Rio Sogamoso and the Rio Lebrija. During 1937 it 
continued its geological and geophysical exploratory program. In addi- 
tion, it completed one fuel-oil well and was drilling a second. The loca- 
tion for a deep test has been selected on the Restrepo Concession and will 
be drilled during 1938 with a modern Diesel rig. 


TABLE 2.—Status of Applications 


Compa istri eon bear 
pany District Accepted Hectares 


APPLICATIONS ACCEPTED IN 1937 Bur Concrssions Nor YET GRANTED 


Consorcio Minero Nacional....... Carare-Ermitano Feb. 1 44,258 
Sindicato de Inversiones S. A...... Lebrija River June 4 45,905 
Compania de Petroleo Shell de Col..| Carare River Mar. 18 49,906 
Compania Colombiana de Petroleo 

U@ondorwamern et. Psat: Cimitarra River Aug. 3 47,810 


APPLICATIONS ACCEPTED IN 1936 BuT ConcEssions Nor Yer GRANTED 


Cia de Petroleo del Carare....... Lebrija River Dec. 49,636 
Socony Vacuum Oil Co. of Colombia | Sogamoso River Sept. 1 27,040 
DamicladeleRion rence cist-kagestiehae sk he Galerazamba, Altantico | Sept. 25 20,141 


NatronaL Concrssions AWARDED 1931 To 1937 uNDER Laws 37 anp 160 


Date Awarded 
pLrOpican Opies cena Nets aetna ae ows Putana (Sogamoso) Mar. 1, 19383] 7,480 
Sociedad Nacional del Carare 

(under joint exploration with 


FTODICAD erase meets ic wart eae Carare Sept. 22, 19386 | 33,476 
Mora Concession (transferred to 

Shells Oct? 279387). =.. 2.2 lee Carare Sept. 28, 1937 | 50,000 
L. Restrepo Concession (transferred 

tO Socomy sVACuUIM)=..¢se eee: Sogamoso 49,232 


Tropical Oil Co.—Operations on the Tropical Oil Company’s De 
Mares concession reached the highest level since 1930. Seventy wells 
were completed, of which 65 were commercial producers and yielded an 
average of 508 bbl. initial. Production from the Infantas and La Cira 
fields totaled 20,297,846 bbl., of which 243,388 bbl. was petroleum 
condensate added to crude. Drilling was continued on the Putana con- 
cession, which is a relatively small tract of national lands within the 
boundaries of the De Mares property. Well No. 3 on this property had 
reached a depth of 6560 ft. at the end of the year and was still drilling. 


Petroleum Production in Cuba in 1937 


By Roy E. Dicxerson,* Member A.I.M.E. 
(New York Meeting, February, 1938) 

No important new developments took place during the year 1937 in 
Cuba. Estimated figures are as follows: Bacuranao field, 100 bbl. per 
day petroleum; Motembo and Vesubio areas, 120 bbl. per day natural 
gasoline. 


Manuscript received at the office of the Institute Feb. 2, 1938. 
* Chief Geologist, Foreign Department, Atlantic Refining Co., Philadelphia, Pa. 
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Production of Oil in Egypt in 1937* 


Tue following table summarizes the information on the Hurghada 
field, which is still the major producing field in Egypt. 


HurexHapa FIBip 
AB OE Meld tOrenGsOL 1 93.750V CATS. aide © cue fect se 
Producing area for gas and oil, acres.................. 


Total oil production to end of 1937................... 
Total oil production during 1986.......2-........... 
Motaloil production, during 19379 n.ter ewe ae. on 
Average oil production per acre to end of 1937......... 
Average oil production per acre-foot to end of 1937.... 
Daily average production (Nov. 1937)................ 
Daily average production per well (Nov. 1937)........ 


Total gas production (Aug. 1925 to end of 1937)....... 
Total gas production during 19386.................... 
Motalevas productioniauring LIS ts occa... aero as 
Maximum daily average in 1937 (July)............... 


Number of producing wells completed to end of 1937... 
Number of producing wells completed during 1937..... 
Number of wells abandoned during 1937.............. 
Producing wells at end of 1937.. ; eee Ea 
Total number abandoned wells at end ck 1937. BO, eae 
Total number dry wells at end of 1937.. arte 
Average depth of bottom of producing Ronzont oe pereoe 
Average depth of top of producing horizon, ft.......... 


24 
1,050 


Barres! 

30,188,500 

1,219,406 

1,141,230 

28,750 

2,359 

3,162 
41.88 


Mi.utons Cv. Fr. 


4,189 
281 


1,598 


Character of oil, approximate average in 1937: gravity at 60° F., 0.900; base, 


mixed. 


Character of gas, approximate average during 1937: gallons gasoline per 1,000 


cu. ft., 6.9. 


Producing rock (main): Nubian(?) sandstone, Cretaceous(?); character, sand 


rock and sandstone. 


1 Figures were given in E. tons. A conversion factor of 6.98, based on 0.900 sp. 


gr., was used to obtain the number of barrels.—Ed. 
2 All pumping. 


* Information received through the courtesy of the Controller of the Egyptian 


Department of Mines and Quarries, Dawawin P. O., Egypt. 
16, 1938. 
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Petroleum Research in France and in the French Colonies 
during 1937 


By H. pe Cizancourt* 


France.—Pechelbronn remains about the only producing field, 41 per 
cent of the 1937 output of 496,525 bbl. being mined by shaft and 
59 per cent produced from pumping wells. At present Gabian has only 
a very small production. During 1937 there was no private undertaking 
for petroleum research. Only the Office National des Combustibles 
Liquides has done any drilling, unsuccessfully, at Pezenas and 
Frangy-Chilly. 

Algeria.—No new research has been made and Tliouanet, a small 
acreage pool that has been declining for several years, gave only 2193 bbl. 
in 1937. 

Morocco.—The Société Chérifienne des Pétroles continues active 
work. First tests of production made on the Jurassic structures of the 
Tselfat and Bou Draa must be mentioned for 1937. In connection with 
these tests, which have yielded 16,495 bbl., 14 new wells have been located 


TABLE 1.—Oil and Gas Production in France and French Colonies 


Area . 
. . Number of Oil and/or 
Proved, Total Oil Production, Bbl. 
Acres Gas Wells 
: During | At End 
Field, Department 1937 of 1937 
~~ 
To End of | During} Duri Es ‘ial 

: 'o End o! ring} During ple 
5 s5| OH 1937 | 1936 | 1937 ae to End 
g He Sz| of 1937 8 | E jee) 2 
o ms < o/s ‘38 3 

ie Ps me al3 (8 
: | | 2 Z B | 2 (Ese 
alt 2 Ss ay oO |= iacle 
France: 
1 Pechelbronn, Bas Rhin....... 202] 7,575|7,575| 15,444,437| 484,453] 496,525 vee 63 | 39 | 622] 622 
2 Gabian, Hérault............. 13 160,664} 2,893) 2,650 
Algeria: 
3 Tliouanet, Oran............. 26| 30 198,270} 2,297) 2,198 
orocco: 
4 Tselfat (16 km. east Petitjean) 1 20 12,295 12,295 13 5 7 
5 Bon ag (3 km, east Petit- 1| 55 4,200 4,200 16 8 Sie8 
jean 


Manuscript received at the office of the Institute April 4, 1938. 
* Compagnie Frangaise des Pétroles, Paris, France. 
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in these two pools, among which are 10 producers. Three rigs were 
still drilling at the end of December. Exploration has not proved any 
new pool, but wildcats have added to the knowledge of the structure of 
that region and of the basement of the Jurassic limestone. In the whole 
three wildcats have been completed and four were drilling at the end 
of December 1937. 

Tunisia.—Two wells were drilling by the end of the year; one, in 
Djebel Zaouia, is a first test of the Central Tunisia structures, the other, 
in Roazouane, is a geological test. 

Madagascar.—The Tsimororo structure has been tested by a second 
wildeat, which has shown indications of very thick oil not in com- 
mercial quantity. 

Afrique Equatoriale Francaise.—Field geological studies must be 
proved by drilling. The Kongo I drilled during 1937 has proved the 
formations of the Upper and Middle Cretaceous. 


TaBLE 1.—(Continued) 


Oil Produe-| Character of Oil Deepest Zone 
oor Be Approx. Average Producing Rock Poros 
of 1937 during 1937 0! 
Gravity 
Number of 
of Wells ae = 
; am 
2 3S 
£2 Agef Bre ae Name 
5 ek gal. eos 
aa a ss a A) 2 [SGS uaas 
BE) ge [wll e| 2 aeelss 2| = el 2 less lp 
S| 32 |2)8/2| 8 Seas] 3 | 2 8s ace Be 
oe | D ma » he 5S 
| 32 |ele|4|2 Be<"| 4 é| £ B|8 2e8 BE 
1] 1,310-3,065 622 17.5|39/27.5| 0.7| PM peers SOD] Variable AF| 22 ss 4,590 
uras: 
Trias 
2 
3 
4 700-900} 3 Jurassic (middle | LO Fis AF Jurassic | 6,437 
Domerien). 
5 600-650 3 Jurassic (middle| L AF 
Toarcien) 


¢ Footnotes to table heads and explanation of symbols are given on page 313. 
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PETROLEUM RESEARCH IN FRANCE DURING 1937 


TasLe 2.—Summary of Drilling Operations in France and French Colonies 


Important Wildcats Drilled in 1937 


Total 
Country Location Depts 
1 ig SE A Pen EP NE rs ir te ae Baten Department of Hérault 2750 
2 Frangy-Chilly 3, \2.9 feeectcnataseasiis nodes taeee aac ee Department of Savoie 1488 
oor Ti 3 3 km. (1.8 miles) south of Petitjean 5868 
ya Deets wieder een nae Ean Ie | poms) y pes pth eee 
5 Guoddara Doin soto nites annie 2 3 bates oe eee ee eee 8 km. (4.9 miles) SE, Tselfat 7321 
6 QUtES 6 aoe eset. Jo Reda dr Rie eR ee aia 8 km. (4.9 miles) SW. Petitjean 2778 
7 Slate Les deweek Tuas sete aseonss v okce ere Oe eI 1.5 km, (0.9 miles) W. Tselfat 3362 
Tunisia: 
8 on Kel hou Debbous 23.9) Sa ees. ce ee oe eee 9 km. (5.6 miles) NNE. Teboursouk 4262 
9 Dicbel Keble 15, Shoe sc ibis aes oe ees 4 km. (2.5 miles) NW. Bizerte 3635 
10 Diebel a OMe 3, OE Ss eats sow. aback eee Oa oe eee 50 km. (31 miles) SW Kaisouan 1650 
French Equatorial Africa: 
11 shag: eer he Te ce agile ae Q.dhe a Pasa Chance et oe Se on, d cee ae eee 1° 32’ S, 9° 29’ E 2813 
Mad : 
12 Aeiiroes Dees ie euiets wrcane Wrists sanebee eects ee 18° 21’ S, 42° 40’ E 3000 
13 AT SLNIFOTO: Dero as cna Oe acne Os ttn tne Oe 121 ft. SW. Tsimiroro 1 7460 


Surface 
Formation Tested 


Important Wildcats Drilled in 


Deepest Horizon Drilled by 


1937 


Remarks 


1| Cretaceous (lower | Jurassic Office National Combustibles | Drilling end 1937. Oil shows be- 
Rognacien) x Liquides tween 2678 and 2695 ft. 
2| Miocene Miocene Office. National Combustibles| Abandonned on account of me- 
Liquides chanical difficulties 
3 | Upper Toarcian Triassic (?) ‘ Société Cherifienne des Petroles | Geological test 
4| Upper Cretaceous | Jurassic (Domerian) Société Cherifienne des Petroles | Dry hole 
5 | Upper Cretaceous | Jurassic ¢Poarelan) Société Cherifienne des Petroles | Still drilling 
6| Upper Toarcian Jurassic (Domerian) | Société Cherifienne des Petroles | Dry hole 
7 | Bajocian Jurassic (lower Toarcian)| Société Cherifienne des Petroles | 12 bbl. per day bailed in middle 
Toarcian 
8 | Upper Cretaceous | Lower Cretaceous Syndicat d'études et des re-| Dry hole 
cherches petroliéres 
9 | Paleocene Upper Cretaceous Gas outburst 
10 Lower Cenomanian Drilling end 1937 
11 | Upper Cretaceous | Lower Cretaceous he d'etudes et se recherches| Geological test 
petroliens 
12 Upper Triassic—Lower Liassic (oldest Syndicat d’etude et se recherches 
Jurassic) petroliens 
13 Shows of very heavy oil 
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In Proven Fields | Wildcats 


Number of wells drilling Dec 31, 19387... .......... 0.00.0 ccceeeeee 3 7 
umber of oil wells completed during 1937......................... 10 7 
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Petroleum Developments in Germany during 1937 


By WALTER KAUENHOWEN* 


GERMANY’s crude-oil production during 1937 totaled 3,174,157 bbl., 
an increase of 1.9 per cent over the 3,112,494 bbl. produced in 1936. 

According to official published data, and using a conversion factor 
of 1 metric ton = 7 bbl., the oil production of Germany in 1937 by fields 
was as follows: 


. Be 

Field a of Total 

e Production 
INdenh ocean eters aa ome Eine clei es 2,427,677 76.5 
WGLZE), sai oeterg © IR gee Pg etm A NM CL Nes 313,383 9.9 
Gg AM oe ae i Se a 149,870 4.7 
PUIROHHENe LAS Hen ate we sci ce ae shanties sdacreeecete eh 283,227 8.9 
sito Ga | eeeeen res Mat reat ya it atc) ihe, rte ae nrsente © 3,174,157 100.0 


Manuscript received at the office of the Institute April 11, 1938. 
* Deutsche Vacuum Oel A. G., Hamburg, Germany. 
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Search for Oil in Great Britain 


BysAe Hoe Arar 
(New York Meeting, February, 1938) 


THE original basis for the search for oil in Great Britain was described 
last year.t During 1937 the exploratory drilling by the D’Arcy Explo- 
ration Company, Ltd. has been continued. Three wells have been com- 
pleted in the south of England and a fourth is nearing completion. In 
addition, test wells are now being drilled in Scotland and East Yorkshire. 


SOUTHERN ENGLAND 


The test well on the Portsdown structure, which at the end of 1936 
was drilling in the Lower Lias at 5792 ft., entered the Triassic at 6540 ft. 
and was completed in that formation at a depth of 6556 ft., without 
encountering further indications of petroleum. 

The Henfield well encountered the Lias at a depth of approximately 
4090 ft., and after drilling 800 ft. of an argillaceous development of that 
formation entered a series of marls, breccias and conglomeratic limestones 
of the Carboniferous. Drilling was suspended at a depth of 5105 ft., in 
the latter formation. 

The consistently impermeable nature of the strata encountered in the 
Portsdown and Henfield test wells focused attention on the desirability of 
obtaining shore-line conditions of the Jurassic. With this end in view 
the Kingsclere anticline, a few miles south of Newbury in Berkshire, was 
selected for a next test. The Kingsclere well has now reached a depth of 
5032 ft. in the Lower Lias and has encountered a full development of 
the Jurassic. With the exception of the Portland sand, which has a 
slightly greater porosity, and the Corallian, in which relatively great 
thicknesses of impervious limestone were met, conditions of sedimentation 
have been found to be comparable with those of the earlier wells. 

Small traces of petroleum have been found in cuttings and cores, but 
formation tests carried out at frequent intervals have yielded no flow of oil. 

In order to test the Corallian, from which series an outcropping oil 
sand had been found, a test well was drilled in a near-by anticline at 
Poxwell in Dorset. The Poxwell well started in the Portland beds and 
entered the Corallian at 995 ft. The sands at the horizon of the out- 


Manuscript received at the office of the Institute Jan. 24, 1938. 
* D’Arcy Exploration Company, Ltd., London, England. 
} Trans. A.I.M.E. (1937) 123, 579. 
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cropping oil sand were well developed but showed no signs of petroleum 
and on test produced only water. Drilling was suspended at 1666 ft., 
in clays of the fuller’s earth. 


NOTTINGHAMSHIRE, LINCOLNSHIRE AND YORKSHIRE 


Geophysical investigations have been continued in the licensed areas 
of east England in the attempt to solve the structural conditions of the 
Carboniferous underlying the unconformable blanket of Permian and 
younger sediments. Gravimeter, magnetic, torsion balance and pendu- 
lum traverses have been carried out and these have outlined certain 
areas of structural interest. These areas are now being detailed by 
seismic methods. 

Northeastern Yorkshire.—A well to test the magnesian limestone of 
Permian age, from which limestone production of oil has been obtained at 
Volkenroda in north Germany, was started near Whitby on the Eskdale 
pericline, which is closed by rocks of Liassic age. 

The Eskdale well entered the Trias at a depth of 1335 ft., and at a 
depth of 2486 ft. is still drilling in that formation. 


ScoTLAND 


A well to test the oil-shale group of the lower Carboniferous has been 
located on the Cousland dome about 15 miles southeast of Edinburgh. 
It was from a sand of this group that some 1700 gal. of oil was produced 
at D’Arcy in 1921, from a well drilled by Messrs. 8. Pearson & Co. The 
Cousland test well entered the oil-shale group, the uppermost member of 
the calciferous sandstone series of the Lower Carboniferous, at a depth of 
245 {t. To the present depth of 1303 ft., many cores of oil-impregnated 
sandstone have been recovered, but as yet formation tests have yielded 
no flow of oil, though at approximately 1200 ft. gas with only a small 
production was encountered. 


MIDLANDS 


Attention has been directed to the Lower Carboniferous limestone as 
a possible source of oil; it was from this limestone that some 2800 tons of 
oil have to date been produced at Hardstoft, a structure drilled east of the 
Pennines in 1918-1921 by Messrs. S. Pearson & Co. Geological field 
work has confirmed the existence of large structures closed in millstone 
grit on the western flank of the Pennine Range. One of these, Gun Hill, 
has been selected for a test of the limestones of the Lower Carboniferous. 


Petroleum and Gas in Iran during 1937 


FIELDS 


Gach-Saran.—The most important development of 1937 has been the 
successful completion of initial exploratory wells in the Gach Saran 
(formerly known as Gach-i-Qaraghuli) field, about 125 miles southeast of 
Haft Kel. Two of these wells are rated at 33,000 bbl. per day at flowing 
pressures exceeding 800 lb. Drilling is proceeding with the object of 
delimiting the structure. Exploratory drilling is also being undertaken 
in several areas within the company’s concession. 

In the producing fields the policy of controlled production has been 
maintained as in the past, and drilling has been limited to that required 
for maintenance of production and general control of the fields. Acid 
treatment to increase production when desired has continued to be 
successful in most cases. 


TABLE 1.—Crude Production in Iran 


Masjid-i-Sulaiman? Haft Kel Total 


Year 
Tons Barrels® Tons Barrels? Tons Barrels? 


1936 | 3,641,247 | 27,820,000 | 4,473,849 | 34,200,000 | 8,115,096 | 62,020,000 
1937 | 4,375,112 | 33,110,000 | 5,693,849 | 43,480,000 | 10,068,961 | 76,590,000 


@ Net production; i.e., excluding surplus products re-injected to reservoir. 
> To nearest 10,000. 
¢ Correct to November, with an added estimated figure for December. 


Masjid-i-Sulaiman.—There have been no new developments in this 
field. The policy of returning, as and when necessary, surplus products 
to the reservoir has been maintained. 

Haft Kel.—Drilling to explore deeper formations has been undertaken, 
but has not progressed far enough for conclusive results to be drawn. 
Gasoline retention in the crude by means of multistage pressure stabiliza- 
tion has been continued as in past years. Separation pressures are as 
follows: well-head separators, 500 lb.; central battery, 190, 85, 40, 20 and 
10 lb. per sq. in., respectively. The stabilized crude is delivered to pipe 
line at atmospheric pressure, or ex the 10-lb. stage, in accordance with 
refinery requirements. 


Received through the courtesy of the Anglo-Iranian Oil Co., Ltd., London, 
England. Manuscript received at the office of the Institute Feb. 25, 1938. 
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Total Production——The production from these fields combined has 
increased by 2 million tons to slightly over 10 million tons for the full 
year. Table 1 gives a comparison of crude productions for 1936 and 1937. 
Naft-i-Shah.—Production from this field has continued to supply 
market requirements in northwest Iran. The policy of returning surplus 
products to this reservoir has been adopted. 


AERIAL SURVEY 


During the year approximately 3500 sq. miles has been aerially 
surveyed for geological purposes. 


Oil and Gas Production in Irag during 1937 
By Bren B. Cox,* Memper A.I.M.E. 


Tue Iraq Petroleum Company, Ltd. continued its systematic explora- 
tion and exploitation of the Kirkuk field on a unitized basis. Pressures, 
gas-oil ratios, oil-water level and oil-gas level remained satisfactory. All 
wells were produced by flowing and more than two-thirds of the crude 
was stabilized. The only exports from Iraq during 1937 were from the 
Kirkuk field. 

Mosul Oilfields, Ltd., through its operating subsidiary, the British Oil 
Development Company, Ltd., inaugurated an exploratory program to 
find lighter oil than the heavy, black, sulphurous reserve proved in the 
Qaiyarah-Najmah-Jawan-Qasab field. Deeper drilling in this field found 
a small reserve of 17° to 19° A.P.I. black sulphurous oil in the Pilsner 
(Upper Cretaceous). Ten structures outside the proved field were tested 
or were under test at the end of the year. In spite of this intensive pro- 
gram no reserve of lighter oil was discovered. The reserve at Qaiyarah- 
Najmah-Jawan-Qasab averages 16° A.P.I. with 6+ per cent sulphur from 
the ‘‘continuous limestone’’ (Lower Miocene, Oligocene, Middle Eocene) 
and from the Pilsner (Upper Cretaceous). 

The Khanaqin Oil Company, Ltd., a subsidiary of the Anglo-Iranian 
Oil Company, Ltd., conducted the normal exploitation of its Naft 
Khaneh oil field and supplied the local Iraq market requirements. 

Slightly more than 31,600,000 bbl. of crude was produced in Iraq 
during 1937. The following table gives the total crude produced by the 
I.P.C. for export during the last four years. 


Year 42-gallon Barrels Increase over Preceding Year 
1934 7,096,669 

1935 27,014,904 19,918,235 

1936 29,521,053 2,506,149 

1937 31,171,476 1,650,423 


a 
* Converted at an average of 7.6 bbl. per ton. 


Published by permission of the Near East Development Corporation. Manu- 
script received at the office of the Institute March 11, 1938. 
* Geologist, Socony-Vacuum Oil Co., Inc., New York, N. Y. 
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Petroleum Development in Mexico during 1937 


By V. R. Garrias,* Memper A.I.M.E., anp A. C. FarnanpEz* 
(New York Meeting, February, 1938) 


Despite artificial curtailment in all the fields of Mexico during 1937, 
owing to strikes and other disturbances, the production of crude petroleum 
aggregated approximately 46,738,000 bbl., showing a substantial increase 
of about 5,571,000 bbl. over the preceding year. Most of this increase 
occurred in the Poza Rica area, where, although only two wells were 
completed during the year, production increased from 14,162,000 bbl. in 
1936 to 18,634,000 in 1937. While production in the South fields 
(Golden Lane) remained practically stationary, the output in the heavy- 
oil district of the Northern fields showed an increase of 1,930,000 bbl., 
because production had been considerably curtailed during 1936. Pro- 
duction in the Isthmus. of Tehuantepec decreased about 596,000 bblL., 
owing to labor disturbances. 

Crude run to stills in local refineries increased from 34,000,000 bbl. in 
1936 to 36,650,000 in 1937. Exports of crude and refined products were 
approximately 22,700,000 bbl., or 500,000 bbl. less than in 1936. Domes- 
tic consumption, excluding ships bunkers, reached a total of 20,000,000 
bbl., which shows a small increase of 200,000 bbl. over the previous year. 
Domestic demand for gasoline is estimated at 3,400,000 bbl. for the year, 
which represents an increase of 500,000 bbl. over 1936. 

In all, 60 wells were completed in Mexico during 1937, as compared to 
70 in 1936 and 74 in 1935. In proven areas 52 completions resulted in 
25 producers and 27 failures. In the Northeastern area near the United 
States border, five gas wells were drilled, all of which were producers; one 
of them, in Camargo, came in with a daily production of 20,000,000 cu. ft. 
of gas. One well, resulting in a failure, was drilled in Las Uvas, Coahuila, 
and three wells were completed in Quebrache, to the southeast of the 
heavy-oil district, resulting in two small producers and one failure. ‘Two 
more wells drilled in San Sebastian, east of the Golden Lane, were failures. 


FIELDS 


Northern Fields (Heavy-oil District).—A total of 11 producers and 22 
failures was completed in the proven areas of the Northern fields, as 
compared to 16 producers and 25 failures in 1936. In the Altamira 


Manuscript received at the office of the Institute Feb. 4, 1938. 
* Cities Service Co., New York, N. Y. 
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district, 11 wells were drilled, resulting in two producers and nine failures. 
Production of the Northern fields totaled 9,828,000 bbl., an increase of 
24 per cent over the previous year, not to be attributed to a normal 
increase in the production, as during 1936 the output of this field was 
greatly curtailed by shutdowns due to strikes, etc. 

South Fields (Golden Lane).—Only one well was drilled in the producing 
area of the Golden Lane proper, resulting in a failure, and three small 


producers and two failures were completed to the north of this line in. 


Rancho Abajo and San Miguel Tres Aguas. Production maintained an 
even trend, showing a small decrease of 208,000 bbl. from the preced- 
ing year. 

Poza Rica.—Only two wells, both large producers, were completed in 
this area during the year. One well was drilled on lot 30, in the southern 
limits of the proven area, and the other, on lot 70, extended the field 
114 miles to the southeast. At the end of 1937 the proven area was 
estimated at 814 square miles. Production showed an increase of 31.5 
per cent over 1936. 

Isthmus of Tehuantepec—The rate of development continued the 
same as during 1936, with 11 completions, of which 9 were producers. 
Shutdowns due to labor difficulties and strikes caused a decline in pro- 
duction of 596,000 bbl. from the previous year. 

Northeastern Mexico.—In all, five producers and three failures were 
completed in this area. The producers were all gas wells, one in Camargo, 
with a production of 20,000,000 cu. ft. per day; another in Nuevo Laredo, 
about 3 miles south of the United States border, with 13,000,000 cu. ft. of 
gas per day, and the other three in Mier, with a combined daily produc- 
tion of 8,000,000 cu. ft. of gas. Two dry holes were completed in Zacate, 
Nuevo Leon, and one in Las Uvas, Coahuila. 


TaB.e 1.—Production of Oil In Mexico 
U. S. Barres 


ae 
* fe} To- 
Fields 1936 1937 Discovery #0 wad ea Ay | 
End 1937 elle 
Nov. 
1937 
Northern (11° to 14° A.P.I.)| 7,898,000) 9,828,000) 733,972,000} 752,000} 556 
Southern (Golden Lane, 20° 
to 24° A.P.I.)..........}| 8,409,000} 8,201,000] 1,013,112,000| 628,000) 215 
South fields, miscellaneous. 121,000 93,000 5,019,000 7,100 14 
Poza Rica (83° to 34° 
Uta A Wg) a Me rey trite NE, 14,162,000} 18,634,000) 46,969,000) 1,973,000} 17 
Isthmus of Tehuantepec 
(32.5° A.P.I.)...........| 10,576,000) 9,980,000} 90,642,000] 838,000} 200 
41,166,000) 46,736,000) 1,889,714,000 
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PRICES AND TAXES 


The price of heavy crude spot cargoes f.o.b. Tampico increased from 
$1.11 per barrel at the end of 1936 to $1.35 by the middle of March 1937, 
but in September the price dropped to 96¢, remaining steady at this level 
until the end of the year. The average price in 1936 was 95¢ per barrel, 
$1.00 in 1935, 80¢ in 1934, 60¢ in 19338, 44¢ in 1932, 55¢ in 1931, 60¢ in 
1930, 65¢ in 1929 and $1.05 in 1928. 

Southern crude not controlled by local refineries sold at an average 
price of 55 cents per barrel at the well, compared to 45 cents in 1936. No 
sales of Poza Rica crude were made during 1937. 


TABLE 2.—Mezican Oil Taxes 
U. 8S. CasH PER BARREL 


December December 
1936 1937 

TeiGaniay GHiCle 1 os SoS alein oe mine ony Gin Pata eta ee ee arene atc $0.117 $0.127 
1 LSyOIIRR Cea kes . 5 eo op ibe OG a Bin een c Cane enna eae ce eee 0.188 0.204 
TBtgell GH, ooo AB ecaes Ne een Oto NaCI ee SOT oe aca rae Po ar ea 0.168 0.184 
Veneer so lm eam emis unit ott am cyegetaiaian Coty aaere ates n seats 0.117 0.120 
GUC eTOHSOLINCC: tee iNet Lerahast nun cles Mone ao Re 0.252 0.257 
etareceKerOsenertaan itis er oe re trices © GMa of eg acts 0.074 0.093 
OriTderkClLOSeM Ga ee oe leet Set coe ine ears ane tess seta sae 0.152 0.190 
EDEL C HICSS ee rete ote ere ain ch are area HaG: Fre we 0.148 0.148 


a a ee a ee os 
OvuTLOOK FOR 1938 


It is expected that drilling activity and production will decline in the 
Northern and South fields during<1938. Production in Poza Rica will 
largely depend on the attitude of the Mexican Government regarding the 
issuing of drilling permits and on the result of the drilling campaign of the 
Petronac—the Government-owned company. The total output of the 
Mexican fields in 1938 may well reach over 50,000,000 bbl., the increase 
coming largely from Poza Rica. 


Oil and Gas Production in the Netherlands Indies, 
Sarawak and Brunei* 


Babsen Gas 
Total Oil Production, Bbl. Daily | Average Oil Production 
g ye. Average | Production, | Millions Cu. Ft. 
- ig End during | Bbl. per Well 
2 of 1937 ; Dec. | Dailyduring| : 
a To End of | During Dec. 1937 | During | During 
g 1937 1936 1936 1937 
ns 
1| Sarawak + Brunei.......... 78,542,825} 4,861,000 16,380 36 3,012 | 3,423 
2|B. Papan + Tarakan,....... 343,586,660) 12,546,000) 12,3 33,774 47 9,984 | 10,903 
8} Coram 2 ete GN tees 5,528,705 000} 497 1,677 39 18 13 
Ai Tjepoers ecru tet 86,126,191| 3,774,955 19,452 44 2,808 | 4,526 
5 J00%.0 ae ee ee ae 233,829,304! 26,285,460 33,000 74 12,482 | 12,526 
6) PeBrandan moe eect 119,541,895} 5,688,000] 6,777,000) 20,516 ving ® 6,134 | 7,617 
Seleicseacie'e saree ree wets 867,155,580| 53,504,415) 60,632,499] 124,799 56 34,438 | 39,008 


1 cu. m. = 35.31 cu. ft. 


Number of Oil and/or Gas Wells Depth, Average in Feet Oil ee Pre 
During 1937 At End of 1937 Number of Wells 

3 Completed >be Bottoms of To Top of 
g to End of 3 3 | 5 ft web = | Productive | Productive ‘ 

_ . a . . 
4 pea 2 3 ce 36 39 2 ae Zone Flowing | Pumping Sern: 
g ‘=| = Ba m & 
5 8 | 42 |&4| £5 | £5 | £4 
1 566 25 1 15 340-5,280 130-5,242 13 403 36 
2 1,861y 47 12 Ke! 230-2,620 210-2,600 29 670 16 
epee ahs mea weet NS 

160-2,950 1 R 
5 { 2,695y | 191 { 13 | 30 \ 1378 | 990-5:400 | 160-5200 97 104 | 244 
6 747 20 5 17 133 300-4,140 260-4,100 48 30 38 
6,449 286 


Producing Rock 


or Near-dry Holes to 


= 
‘ 
s 
> 
be A md 
4 s¥e y 
: Characters] purer? | Sirus: | Bs ae 
P Ee BS 
| 2 SA a 
1 | Seria and Miri formations Mio SsH Miri deep shale | 6,180 
2 | Balik Papan-Poeloe Balang and | Pli-++- Mio SsH, 8 Poeloe Balang 5,250 
Tarakan formation 
3 | Boela formation + Triassic Pli + Tri SsH Triassic 2,400 
4 | Mergelklei—Globigerinae—Orbitoid | Pli + Mio 8, SH, LS Basis mergelzone | 5,900 
zones 
5 | Palembang and Telissa zones Gy Mio + | S, SH, 8S Under Telissa 7,550 
eogene 
6 | Seuroela-~Keutapang-Grensklei zones | Pli + Mio 8, SH, SS Grensklei 6,680 


y Footnotes to column heads and explanation of symbols are given on page 313. 


* Received through the courtesy of N. V. de Bataafsche Petroleum Maatschappij, 
The Hague, The Netherlands. Manuscript received at the office of the Institute 
March 2, 1938. 
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Petroleum Developments in Peru during 1937 


By Ottver B. Hopxins,* Memper A.I.M.E. 


(New York Meeting, February, 1938) 


Perv produced approximately 17,466,620 bbl., of oil during 1937, 
or slightly less than the record high of 17,593,700 bbl. established during 
1936. As in 1936, the entire output of the country was derived from the 
La Brea-Parinas, Lobitos-Restin and Zorritos fields in the northwestern 
part of the country. 

Outside of the proven areas, drilling was continued by the Peruvian 
Government in the northern province of Tumbes on the reserved zone at 
Zorritos. Drilling was carried out on three locations, two of which are 
understood to have been abandoned during the year. In southern Peru, 
further attention was given by Government engineers to the Pusi and 
Saman districts and plans are being worked out for the commencement 
of drilling operations in the near future in the vicinity of Pirin. Activities 
in the montafia region in eastern Peru were continued by the Compafiia 
Petrolera El Ganso Azul. This company acquired the interest of the 
Selden Breck Co., and holds some 90,000 acres along the Pachitea River 
a few miles above its confluence with the Ucayali. During the year, the 
preparation of a landing place, the cutting of a 12-km. (7/4-mile) road 
from the river to the drill site, and the construction of a camp were 
undertaken. Equipment for drilling on this company’s concessions has 
already arrived in South America. 

La Brea-Parinas Estate-—Production of crude oil on the La Brea- 
Parinas Estate of the International Petroleum Company Limited 
amounted to 14,722,754 bbl. during 1937, a decrease of 403,736 bbl. from 
the all-time high reached during 1936. The total production from 1890 
to Dec. 31, 1937, was 178,390,767 bbl. During 1937, a total of 141,653 ft. 
was drilled, 129,516 ft. in new wells and 12,137 in deepening existing 
wells. In all, 57 wells were completed, 47 of which produced oil, 2 were 
gas wells and 8 dry holes. 

‘Twenty-nine wells were cleaned out or deepened during the year. 
The average depth of new wells completed during 1937 was 2367 ft. 
compared with 1984 ft. for the new wells completed during 1936. There 
was an increased use of rotary tools during the year and this method 
is now used to a greater extent than the cable-tool method, which formerly 
predominated. Of the 57 wells completed during the year, 31 were 
7. Manuseript received at the office of the Institute Feb. 14, 1938. 


* Chief Geologist, Imperial Oil, Limited, Toronto, Ont., Canada, 
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drilled by rotary, 12 by standard and 14 by star rigs. The average depth 
of rotary wells was 3016 ft. compared with 1960 ft. for standard tools 
and 1278 ft. for star rigs. : 

Drilling operations during the year were mainly routine, the locations 
being situated in or about proven territory. Two locations, drilled in 
wildcat territory in the northern part of the estate, were not commercially 
productive. The cleaning out and deepening of older wells has continued 
to yield beneficial results. 

Study and experimental work is being undertaken with the object of 
determining the feasibility of water-flooding in certain of the older sections 
of the field, but it will probably be some time before the results of these 
investigations are known. 

The seismograph survey commenced during 1936 was completed 
during 1937 and in addition gravity-meter and magnetometer surveys 
were completed over a very extensive area on the estate. 


TasBLE 1.—Ouil and Gas Production in Peru 
eS SSS 


Area Proved, Acres 
Age, 
Field, Department Years 
ie End 
belemaeht ets GN Par Sens! a 

: 

Zz 

o 

a | 

coal 

1i|\La Brea-Parinas, Pius. tase remiss 50-15 ea apis om owas eee 48 y y vy y 

2) Lobitos and: Restin. aura vant snc Uh iecrenst cee asl anie ante roe Nbeee y y y uv 

Bi Zorritoa cD umbee. <a ac. a2 shu Warts ante aelereme mere ciate cre ciecsye Siar 54 v y uv uv 
4|-Prrin'(Huncane)y Pitio. 2: at .co cae se Obs war eee x uv y Vv vy 

Wotalie arcs wadorn aie owe ae creas ee ants enna eee 
@ Footnotes to column heads and explanation of symbols are given on page 313. 
Total Oil Production, Bbl. Shr Meld Seva Number of Oil and/or Gas Wells 
During 
1937 At End of 1937 
To End of | During During 
& 1937 1936 1937 3 
b> 
EI g 2 z| 
AZ 3 s = 
2 E Ba| 26 
a eT PS nO Oe ee 6 | ae 
1 | 178,390,767| 15,126,490] 14,722,754] 39,389) x x x 2 y | 1,812) 17 |1,9012 
2} 41,316,242) 2,418,198) 2,693,866] 7,380) 2 x = z y y 
3 3,140,223 49,012 50,000 137| x Ey £ y y 
4 285,936 0 0 0| « 0 0 0 y y 
223,133,168) 17,593,700) 17,466,620 


1 Includes all injection wells. : 
2? Includes water wells used for injection purposes, but not other water wells. 
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Lobitos Property.—This property, north of the La Brea-Parinas Estate, 
produced 2,693,866 bbl. during 1937, an increase of 275,668 bbl. over 1936. 
Total production to the end of 1937 amounted to 41,316,242 bbl. The 
most outstanding development on this property during the year was the 
completion of several good wells in the El Alto or northern section of 
the field, where four of the wells completed had initials of approximately 
500 bbl. per day. Much work was also done in deepening old wells, 
with a very gratifying measure of success. 

Zorritos Property—The Zorritos property, operated by Piaggio and 
Co., is estimated to have produced approximately 50,000 bbl. dur- 
ing 1937. 


TaBLE 1.—(Continued) 


Depth, Aver- Oil Production Methods at Pressure, Lb. Character of Oil, Approx. Average 
age in Feet End of 1937 per Sq. In.¢ during 1937 
Number of Wells Average | Gravity A.P.L. at 60° F. 
w|i = 
Elss S Ad ; - Weighted ase 
5 ae eg E: y re co g g 1936/1937} Maximum | Minimum ‘Avacage us 
2 |sesleze| & | 2 | a |S eesels Zl} 
| gsF/eeS| 2 a 2 2 (SS/,6=) 4 i 
H.C.T. 39.2/H.C.T. 38.8/H.C.T. 39.0 

1 eee y 74 | 1,718 | 20 435) 464) y | 9 uv{ L.C.T. 34.6|L.C.T. 33.6|L.C.T. 34.0 ty M 
2 y y y EN TN i STON 7 tas y y y yly 
3 y y y y y y y Yl Y yy y y y yy 
4 y y y y y y y y\Yy y|y y y y yy 


3 Does not include water wells, but includes gas wells and wells shut down for various reasons. 
4 Includes water wells used for injection purposes. 


ee ae EE eee ee ee 
. Deepest Zone Tested 
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Oil and Gas Production in Poland during 1937 


By CuHarLes BoHDANOWICZz* 
(New York Meeting, February, 1938) 


Propuction of crude in 1937 decreased (Tables 1 and 5) by about 
2 per cent, while gas production for that period increased by about 
6 per cent after a slight decrease in 1936 (0.4 per cent). As in preceding 
years, drilling operations were confined principally to extensions of old 
oil fields in the Jaslo district (fields 1 and 7) and to some extent to such 
extensions in the Stanislaw6w district (field 27). Deepening of old 
wells to horizons reached more recently by new wells gave on the average 
better results per well than those attained by new wells (Table 3). 

Reserves of proved lands have increased some by new oil fields dis- 
covered, Targowiska (field 8) and Czarna (field 19) both of which, how- 
ever, have only small production. The Daszawa gas field (field 25) 
has not been extended, but two new gas fields were located instead— 
Opary, distant 25 km. (1514 miles) northwest of Daszawa, Balicze at 
12 km. (744 miles) southeast of Daszawa, and Kalusz (TESP Company 
exploiting potassium salts) in the vicinity of the town of that name (field 
33). Drilling upon the gas area near Tarnéw and Debica, while gas- 
bearing sandstone had been found at depths of from 300 to 512 meters 
(984 to 1680 ft.) (Zdziary No. 2) and at 220 m. (722 ft.) [pressure 11 
atmospheres, flow 24 cu. m. per min. (847 cu. ft.)] (Przybor6éw No. 1), 
has not as yet ascertained horizons qualified for permanent exploitation. 
The exploring well near Koséw remained for the last seven months at the 
depth of 1420 m. because of the collapse of rotary drilling pipe. Below 
the 300-m. level no gas sands have been encountered at this well. 


Gas RESERVES 


In connection with the broad plan of developing industrially the 
sector of Poland lying between the Vistula and the San Rivers, and 
extending farther north as far as the city of Radom, there arose the 
necessity of a more accurate calculation of gas reserves for the fields of 


Manuscript received at the office of the Institute Feb. 1, 1938. 

* Professor of Economic Geology, Warsaw, Poland. 

1 Figures for 1936 shown in the Trans. A.I.M.E. (1937) 123, 611, have been cor- 
rected (Tables 1 and 6) on the basis of official data. Expectations for a large gas 
production in 1936 have not materialized as new completions influenced the volume of 
gas production only in 1937. The author is indebted to Mr. A. Nieniewski, of Krosno, 
for some data concerning the Jaslo district. 
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Roztoki (field 5) and Daszawa (field 25). The field of Roztoki and 
others of that group are situated upon the uplift of Potok. 
For calculating the gas reserves of the country, the Polish Geological 
Survey has adopted classification of tracts by three principal groups: 
I. Tracts in exploitation, the area of which may be defined with 
sufficient accuracy (proved). 
II. Tracts upon which gas horizons have been ascertained, but are 


not yet exploited, and the confines of which could not, as yet, be defined 
(probable). 


TABLE 1.—Oil and Gas Production in Poland 


Area Proved, Acres 
aS 
aul 
Field, Province S 
Bo} 
SU heal 
be o | Oil | and Gas Total 
3 a Gas 
E : 
a al 
o o 
= a 
1 | Lipinki, Libusza, Kryg, Kobylanka, Dominikowice, Wojtowa, Gorlice| 72 | 1,075 1,075 
AM PKOLCEY MA CCE GONE sv owels'n: Siete © soi SGiteas we Peale cess ae ee es 40 65 65 
3 | Sekowa, Ropica, Mecina, Siarg, Szymbark, Gorlice................ 65 100 100 
PSEA AEIAG WA SERIO ecco elo n Sevetala eee cinders sears anal @orietate = Sra pegieise? 67 | 130 130 
5 | Roztoki-Sadkowa, Dobrucowa, Bialk.-Brzezowka, Sobniow, Jaslo...| 28 \ 889 \ 445| 500 
6 | Mecinka, Jaszczew, Jaslo-Krosno...........00. ccc cence cece eee 28 
Ma MEOLOK=L OPOSZOWKAS TORO +. % cavcleis ein cisie o = s.cleleis deste Stee e clue ze oe 46 1,850 
8 | Krosno Kroscienko-Targowiska, Krosno............0000e-0s00e0ee 49 
9 | Bobrka-Rogi-Rowne-Wietrano, Krosno...............2+....--.05: 79 | 225 225 
1Q)) Lwonicz-Khimkowka, Krosno. aco. i: ae< te vt sce aseeleier sent 3 47 2 7 
Um PRODIAMKAR- Knog Nese ost recta occ crak bie Siaisial Ao als asare ee 69 30 30 
12 | Strachocina-Gorki, Brzozow-Sanok............ccc vec ec tne eees 9 494(?) 494(?) 
13 | Zmiennica-Turzepole, Brzozow...........0..6 cece cree cence ee eees 41 67 67 
14 | Starawies-Brzozow-Humniska-Grabownica, Brzozow-Sanok.......... 41 | 321 321 
MORN e gO Ww Kae A TONOUR hiss hacen oii 1 nneiois cinta som ceiactaliarstas eaerstte..t 50 | 148 148 
16 | Lubatowka-Wulka, Krosno-Sanok............-.00 000 c eee e renee 49 | 275 275 
17 | Mokre-Tarnawa Sol.-Zagorz, Sanok...........- 2000000. cece ee eee 25 50 50 
18 povaleaslo Gistriches....,.1: cae aa amor. tore © oe eeriteia se ala oiravas 3,129] 766] 869(1,000?)) 4,764(5,150?) 
19 | Rajskie-Polana-Lipie, Caarna, Lesko............-0+. 000020 e eee 51 100 100 
20 Lodyne-Wankowa-Ropienka-Paszowa-Stankowa, DeskOrres ©. sac. «sz. || Olsj) 668 568 
DLA MSEEEeL DICE HS AML OMA icici esse ie ele ¢-o0kie Ol aye, Ser ioletalelane cote peltie wie eiviete labs 56 62 62 
DoNOpakte DrOhOBY C2 ea oee opie alot viet taless ohereaelelleVisae ot gd rire sions 41 25 25 
23 | Boryslaw (deep ‘“‘skiba”’), Drohobycz........... 20000-00200 cueee 43 3,700 
PAMUSCHOUNICA- UT OB Meer aaths. Dai aac eee aihinass ulaaanle nasties 65 | 1,110 1,110 
25 | Daszawa-Olekice Nowe-Opary, Drohobycz........................} 16 1,500 
26 Total Drohobyez district...........0.00 00000000 cece eee en eee 1,500 6,765 
27 | Rypne-Duba-Perehinsko, Dolina................. 0600.0 s 00 eseeee 50 | 1,500 1,500 
ORALDIEKOW WIN GH WOME ae neciclest = clase ett teine «ots ce amyam treme ele se 38 | 1,080 100 1,180 
EFGH PPARIeU sale VA WORME cS cciaye iets w teeies ais otro ohne nna artes ests 57 | 400 150 550 
BO) Majdan-Rosulna, Kaluez. 0... cs)res ve seine ee omer eee om oes 48 | 220 220 
$1 | Sloboda Rungurska, Kolomyja.. 2.0.00 600 tonne ee eee ae 62 | 120 120 
BE OMKORINAGH) VI OLOMUG. N- seeitiae cle alersie elajersis ales ere aiewSns oes sare ia 37 40 40 
33 | Kalusz, Kalusz......... pati Boe toaie iho =congn 36 aie" Opa ee 2 2 is 
34 Total Stanislawow district ............0.000 cs cece e een enes 
35 otal s Poland: with other fields:...%22, «2-02.20. os ps onals cay ee 


@ Footnotes to column heads and explanation of symbols are given on page 313. 
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III. Tracts qualified for explorative drilling for gas. 

Upon the Potok fold may be delimited the following: (1) The principal 
uplift exhausted already to a considerable extent. Reserve of group I 
in two horizons still approximates 200,000,000 cu. m.; (2) the sector of the 
fold Sadkowa—Roztoki—Gliniacz—Sobniéw. Reserve of group I: From 
a strip 3.5 km. (2.2 miles) (Sadkowa-Roztoki) calculated at 1,700,000,000 
cu. m. on the basis of the lowest working pressure practicable, one 
atmosphere, while with the working pressure bottom limit at 25 atmos- 
pheres the computable reserve would amount to only 1,150,000,000 cu. m. 
Reserve of Group II: Upon a sector of the field 5.4 km. long, if gas 


TABLE 1.—(Continued) 


Total Oil Production, Bbl. Total Gas Production, Millions Cu. Ft. Oil and/or 
Gas Wells 
Maxi- 
Daily Completed 
To End of | During : Average To End | During “ Daile ad 
| 1937 | 1936 ate ele wiluring | of 1987 | 1936 corgi ae pool » 
E ov. 1937 1937 
Zz 
g 
A 
1| 4,619,994) 233,100] (+19 %)277,970 862 z| 50 61.5] 0.29 | 914(94?) 
2| (376,610) 29,674 28,210 72 z| 63 65 | 0.18] 53 
3] 741,995) 17,109 (+21 %)20,720 70 z 3.5 3.3| 2 174 
4| 1,693,272] 60,902 (—14 %)52,430 140 z| 36 39 | 0.105] 273 
5| 212,144] 40/404 35,580 90/1 55 ge4) 3,136 (+11 %)3,492(2)|12.7 36 
6| 215,688] 38,850 27,580 61 , 395 406 | 1.8 19 
7| 5,438,028] 125,302!  (—2.1%)98.210 67 a} 143 140 | 0.7 | 255 
8| 1,947,892] 31,872 30,100 87 Fa 8.7 10.7| 0. 
9| 5,482,836} 54,751 (—6 %)51,450 147 z| 159 123 03 250 
10 xz] 17,020 13,346 38 z| 30 22 | 0.00| 55 
11 z| 2,146 1,750 5 z| 20 26 1.0: 071, 87 
12 942} 128 162 ? 3 
13| 678,820] 17,020 15,260 44 z| 35 32 aNOsL 57 
14 83,768 80,990 221 z| 321 262 | 0.927] 111 
15| 2,000,585] 27,158 26,320 77 24 
16 14,490 15,813 43 a rH O08. 8 
17 10,000 12,650 40 ; 29 
18 | 25,318,090] 755,230] (+-4.4%)788,379| (+3.0%)2,470| 58,186] 4,640 (45.5 %)4,892 2,700 
19 14,933 19,810 4 a ex 5 71 
20} 5,164,000} 173,382 161,630 53 45 445 
21| 604,478} 21,460 18,648 49 
22| 135,749] 2,960 2,659 Y 4 a: 
28 |179,675,774|1,899,240 1,820,000} (—3.7 %)5,200] 192,262] 4,555 (—4%)4,367 |12.6 {1,295 
24} 19,904,903] 355,886 338,030 207 243 806 
25 5,203 (+10%)5,731 15 24 
26 |208,159,676|2,452,310| (—3.4%)2,368,100) (—6,3 %)6,650| 240,000! 10,6 = 
27| 2,272'520| 128,760 101,290 et 439 Cee abt ig met 
28| 6,223,074] 174,846 149,800] (—11.3)440 1,376 1327 | 3.6 | 184 
29 42376 30,000 77 "95 | 0.3 | 195 
30 20,438 19,180 51 ; 103 
31 11,944 10,640 300 
32| 214,568] 3,922 "3,668 10 
33 


nit a | 
. +12%)2,295 | 6.3 |1,050 
333,480] 17,061 (teens 6,487 


34 (—11.3 %)325,290 
35 |244,448,984/3, sr a (—2.4 %)3,481,769 


ry 
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conditions prove the same as on the Sadkowa-Roztoki sector, the reserve 
might approximate 2,600,000,000 cu. m. Thus the proved and probable 
reserves of this structure may amount to 4,300,000,000 cu. m. of gas 
(151,833,000,000 cu. ft.). 

Upon the Strachocina-Gérki fold (field 12) only a group II reserve 
may be estimated, which, with the working pressure bottom limit at 
one atmosphere may be computed at 1,100,000,000 cu. meters. 

For the Daszawa area (Daszawa, Chodowice, Oleksice Nowe) which 
has been worked for 13 years (21 wells) over a surface of 5 sq. km. (123514 
acres) the gas reserve may be computed at 4,000,000,000 cu. m. The 


TaBLE 1.—(Continued) 


‘ Depth, Average | Oil Production Methods} Pressure, Atm. or Kg. 
Number of Oil and/or Gas Wells sa last at End of 1937 mae Be lee g 
eee At End of 1937 Number of Wells Average at 
3 reas dee re 
e - z = £ 2 Initial 
o 
a Z| BEE! wn loos) ee) 2 6.5 aN Pe; 
3) 3 |S |falegegias| Se bao we Mit Nae loe 1936| 1937 
4| 6 1B |2s/35 (85 /85| ae gs |Se\2| 2 /2\|8/3 
~ o = 
S| & |S \8s/ESERES] 2 | Be je8|2)/ 2 lalslz 
m| oO |= |e (Pa (al (= a a ea | & | a a 
1 | 85(?)| 18 29) 549 1; 550 1,500(2,850) 494 55 2-25| 2-25 
2 4 i 1 40 40 480-1,440 40 
3 8(?) 24 94 2 96 720 77 17 
4 2 4) 135 1), 1387 720 133 3 
5 3 6 2 9 22 31 2,400-4,160 5 4; 115 99 
6 1 1 8 6 14 2,700 4 4; 110 38 ? 
7 7 3 a 85 4 89 416-1,120 ee 1 80 4 35 15 
5 
8 1 1 2 43 43 900-2,000 | 1,600 43 5-10 ? 
9 0 31 7 88 3 91 480-3,200 50 26 60 ? ? 
10 4 3 Ay 3 20 360-1,120 600 17 
11 0 6 18 18 380-1,120 13 5 
12 0 1 2 2 {2,590 to 4,050 80-93 ? 
13 aa? 1 37 37 1,480 33 4 
14 _4 6 58 1 58 2,300 29) 1|4 24 50 5 5 
15 5 83 83 1,050 83 
16 2 2 16 16 1,480 16 
17 3 6 2 29 29 1,800 26 3 
18 | 121 66 | 120} 1,339 45) (1,384) 17 | 1,181 158 
1,401(?) 
19 | 10 8 16 16 1,310 16 
350 
20) 14 26| 362 . 362 {1,150 to 1,900 362 
21 0 10 39 39 660 39 
PPA oA) 2 5 5 1,970 5 
23 9 260} 586 125} 711 |4,270 to 5,700 76 510 
539 539 1,480 539 
& Hi 3 21 21 2,300 Darzawa |63-47| 45-39 
1,280 Opary-36 36 
26 | 74 1,562 150} 1,712(?) 1,047 515 
27 | 15 6 134 134 2,625 86 38 
28 | 10 76 98} 10) 108 3,610 8 5 85 
29 3 10 40 40 660 to 4,700 12 28 
30 2 10 71 71 1,1 50 17 
31 0 51 51 985 51 
32 0 10 10 1,920 10 
33 p} 3 3 2,400 40(?) 40(? 
34 | 32 417(?) 10 | 214 168 
35 | 238(?) 3,530 


00 ee ee ee ee ee eee ee ne 
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fields of Opary and Balicze may, so far, be qualified as probable and 
possible gas areas, while in the vicinity of the city of Kalusz exploitation 
of gas has just begun. 

A general defect of the gas policy in Daszawa is the absence of any 
concerted exploring and exploitation drilling program, although possession 
of that area is shared by only two large operators (Gazolina and Polmin). 
The field of Roztoki, 3 km. (1.8 miles) long, is owned by one operator 
(Polmin). In Daszawa, of a total number of 21 wells, 7 are either flooded 
or are in a condition that makes measurement of pressure impossible. 


TABLE 1.—(Continued) 


Character of Oil, 


Approx. Average Qharacter Producing Rock 
during 1937 of Gas, 
Approx. 
Average 
Gravity during 
A.P.I. at 1937 
60° F. 
- a: 
x, g Name Ages gm 
3 g £ S > ga “- 
BIElElga] 28 ga |§ S}- = Sarees 
2lglage| a8 | , [Se |Eke a] 3 [eel 3 
o gle> Ss 3 St eaiehe tc 3 a > 
AZSif<| £4 | 2 (38 |gdc S| & lz | a 
1 |32|38| 34 |3.0-7.4) P | 1,124 Ciezkowice I, IL a. Cre Eoc, Cre | S |18.7-21.3 80 AM 
2 |38/43) 39 |0.38-1.1) A | 1,124 Ciezkowice I, II Eoc 8 120 | diapir 
3/29/40] 85 | 0.4 | A Magura facies Cre s 40 A 
4/21/27) 27 | 0.8 A Krosno beds Olig Ss 150 | overthr. 
5/40/42) 40 | 0.4 A | 1,011) 10-45 | Ciezkowice II, III Eoc, Cre | § 13.2 245 | diap. 
6 |42 22) rd Os ee 25-50 | Ciezkowice II, IT Koc, Cre | § 198.|  diap. 
7 |39|51| 42 | 0.4 A | 1,124) 150 | Ciezkowice II, III Eoc, Cre | § 80 | diap. 
8 |29|34) 32 10.7-8.0| M 150 | Ciezkowice I, II Eoc s 190 | diap. 
9 |82/38| 34 |0.5-6.2) AP 225 | Ciezkowice Li, IV Koc, Cre | § 160 A 
10 35 A Krosno beds Olig 8 132 A 
11/29/31) 31] 0.4 A Magura facies Cre 8 60 A 
12 1,124) 13 | Czarnorzecki Cre S A 
13 S33 6.08 Loe Ciezkowice I Eoc Ss 100 A 
19.6 
14 187/47 0.2-5.9] A,P} 1,067) 150 | Ciezkowice I, II, III Eoc, Cre | S is 200 | diap. 
20.5 
15 |27/30) 29} 0.4 | A Cazarnorzecki Cre s 100 | AM 
16 29) 0.38 | A 150 | Ciezkowice I-III Eoc, Cre | 8 100 A 
i 35/45] 44] 0.3 | A Krosno beds (lower) Olig 8 , Af 
19 |38/45| 42 15.1-0.1] P,A Krosno beds (lower) Olig AL is) ? Af 
20 |30/39| 34 |0.5-5.9) P Krosno beds (lower) and Menilite| Olig s 40-50 | diap. 
series (upper) 
21 (21/33) 32 | 6.2 | P Jamna beds Cre NS) 45 A 
22 |42/44) 48 | 6.1 | P Eocene beds lower Eoc Ni] A 
23 |31/36) 33 |6.0-9.4) P | 1,461] 2384 ved slaw sandstone (IV Nor., | Olig (Eoc, 10.0 IvV=| AF 
, I-II olig) Cre) 8 to 30-120 
24 |29/39] 36 |0.3-5.9| AP Jamna beds Cre 8 : 150 
25 Gas beds (Tortonian) Mio S] 25.0 100 A 
26 
27 |33/39| 36 |4.6-8.0} P Kliwa beds Olig 8 60 AF 
28 |34/48) 44 |1.1-8.4| P Kliwa beds Olig ) 15-30 AF 
29 |38/56| 45 |0.2-4.9) AP | 1,067 Kliwa ise * platy beds Olig, Cre | 8 15-30 | AF 
30 |29/37| 34 |0.8-1.1) A Eocene be Eoo 8 60-80 A 
31 |35|37| 37 |5.2-5.9| P Jamna ha Cre 8 80 Af 
32 |30|33] 32 |0.8-1.1) A Inoceramus beds Cre SH 40 A 
Gas beds (Tortonian) Mio 8 ? ? 


a | ee 
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Limits of extent of the Roztoki field could not yet be defined, although 
the eleventh exploiting well is being drilled. 

Beside the existing gas line, Roztoki-Tarnéw (Moéscice), there was 
laid in 1937 a gas line (12 and 10-in. respectively) from Roztoki to 
Sandomierz-Ostrowiec-Starachowice (280 km). In 1938 this line is to 
be extended to the city of Radom, and from that trunk-line branches are 
to be laid to Rzesz6w and Rozwadéw. The high-pressure main is to 
carry a working pressure of 35 atm. and it is planned to transport 500,- 
000,000 cu. m. of gas annually (900 cu. m. per min.). That plan is based 
upon the hypothesis that upon the Roztoki field may be located 300 wells, 
each having a summary production of 20,000,000 cu. m. of gas,? in other 


TaBLE 2.—Drilling Statistics, Poland 


METERS* 

Year Jaslo Aah nae een Stanislaw6w Total 
1937 69,088 (50 %) | 32,605 (23.4%) | 11,900 (8.5 %) | 25,242 (18.2%) | 138,835 (100 %) 
1936 48,166 (45%) | 30,307 (28.0%) | 9,154 (8.5%) | 19,374 (18.5%) | 107,001 (100 %) 
1935 37,682 23,166 10,638 12,530 84,016 (86,122) 
1934 38,080 19,480 8,219 8,824 74,608 (77,933) 
1933 32,382 19,418 7,582 7,519 66,901 

1932 25,267 17,690 8,063 7,458 58,478 

1931 28,666 20,749 14,444 10,653 74,512 

1930 38,551 30,251 28,616 19,180 116,598 


«One meter = 3.281 feet. 


words, that plan is based upon an elementary hypothesis of a 6,000,000,- 
000-cu. m. gas ‘reserve in that field. Neither the computation quoted in 
the preceding paragraphs nor the insufficient state of exploration of the 
Roztoki field justify such a hypothesis, nor is justified another hypothesis 
to the effect that the probable reserve of Daszawa-Opary runs up to 
15,000,000,000 cu. m. of gas.* 


PRODUCTION OF OIL 


Production of crude oil in Poland has declined since 1925; also, the 
average production per well (Table 3). So far, the rather weak explora- 
tive action has not led to any discovery of new fields of importance, nor 
has the increased number of meters drilled in 1936 and 1937, especially 
in the Jaslo and Stanislawéw districts, been able to compensate for the 
drop of production at the principal fields of Boryslaw, Bitkéw and 
Rypne (Table 1). In order to keep production at the volume of 1936- 
1937, and even to increase it by 10 per cent in 1940, it would be necessary, 
according to the opinion of the Association of Polish Petroleum Engineers 


28, Daawariski: Przemysl Naftowy (Sept. 10, 1937) 10, 366. 
3 Dr. K. Totwitiski: In article of reference 2. 


678 OIL AND GAS PRODUCTION IN POLAND DURING 1937 


(Boryslaw), to intensify drilling of exploitation wells so as to bring up the 
meterage drilled to 150,000 in 1938, and to 225,000 in 1939. 

Terrain accommodation for locating those new exploiting wells is 
adequate on all fields, but is least so in Boryslaw. In 1939 the number of 


TABLE 3.—Number of Wells Completed 


1937 1936 
Districts 
New Wells en eee New Wells Don 

Jaslo 

Producing yin ken Pee 115 43 102 43 

NonproductiVer. ase es 13 11 22 7 
Outside Boryslaw 

Producing cay weeereee eee 52 5 61 9 

Neonproductives. 940 ee 10 ip 1 
Boryslaw | 

Froducing A507 00: .cae kee ee een 8 8 15 + 

INonproductive wer eee aoe i 6 3 5 
Stanislawéw 

PIOGUGID g Fire ey eee 36 12 32 6 

INGoproductivie. i.e ila 2 8 3 
Total 

Producing: Wer ae cee aeae ee eee 211:((?) 68 210 62 

Nonproductive..............+. 34 19 40 16 
Average daily production per well, kg. 1200 1600 1800 1700 


TaBLe 4.—Number of Producing Wells 


Year Jaslo pee a pad Stanislaw6w Total 

1937 1,401 1,001 711 417 3,530 

1936 1,291 1,002 669 396 | 3,358 

1935 1,149 1,025 650 253 3,208 (other fields 203) 
1934 1,195 1,046 632 248 3,121 (with other fields) 
1933 1,117 1,009 603 245 2,974 

1932 1,065 990 598 246 2,899 

1931 1,027 963 574 250 2,814 

1930 951 952 562 250 2,715 


new wells would need to approximate 380 (vs. 246 (?) in 1937). A certain 
increase in home consumption calls for providing for an adequate increase 
in production of crude oil in this country by at least 10 per cent in 1940, 
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or up to 56,000 cars; which, in turn, would call for drilling in that year 
up to 480,000 m. or, approximately, 900 wells. Such a drilling program 
would entail drilling expenditures running in 1938 up to 44 million zlotys 
(approx. 5 million dollars) in 1938; to 70 million zlotys in 1939 and to 
120 million zlotys in 1940, on the premises that drilling an exploiting 


TaBLE 5.—Total Oil Production, Poland 
In Cars (10,000 Ka., or 10 Tons) 


Year Jaslo oe chit Stanislaw6w Total 

1937 11,589 (23 %) | 7,830 (15.7%) | 26,000 (52 %) 4,647 ( 9.3%) | 50,066 (—2.0%) 
1936 10,789 (21%) | 7,901 (15.0%) | 27,132 (53.2%) | 5,241 (10.5%) | 51,068 (—0.8%) 
1935 9,908 9,429 28,598 3,541 51,476 

1934 9,953 9,141 30,426 3,268 52,788 

1933 9,645 9,588 32,514 3,320 55,067 

1932 9,582 9,043 33,029 4,014 55,668 

1931 9,765 9,491 39,070 4,702 63,028 

1930 8,535 (13 %) | 8,561 (13 %) 44,334 (67 %) 4,847 (7 %) 66,277 


2 Qne 10-ton car = 74 barrels. 


well to a depth of 1200 m. (3,937 ft.) would cost 360,000 zlotys ($40,392), 
while the cost of drilling an exploring well to a depth of 2000 m. would 
amount to 1,800,000 zlotys. 

Table 9 illustrates in how different a degree large and small oil oper- 
ators contribute to the stabilization of the industry: the big firms (Mal- 
opolska, Galicia, Limanowa, Standard-Nobel), working principally 


TABLE 6.—Total Gas Production, Poland 
THOUSANDS OF CuBIc Mbprerrs? 


Year mnie alee Stanislaw6w Total 

1937 138,570 (27 %) | 182,862 (35.5%) | 127,464 (24.8%) | 65,085 (12.2%) | 513,981 (+6 %) 
1936 131,427 (27.2) | 165,258 (34.2%) | 129,048 (26.7%) | 57,560 (12.0%) | 483,303 (—0.4%) 
1935 136,476 168,507 137,390 43,036 485,409 

1934 121,200 149,722 154,516 43,300 468,738 

1933 97,664 142,978 176,972 44,597 462,211 

1932 86,347 115,811 186,764 48,008 436,030 

1931 86,719 127,549 | 211,763 47,792 473,823 

1930 75,432 120,034 242,612 48,428 486,506 


«One cubic meter = 35.31 cubic feet. 


Boryslaw, Bitkow and Rypne fields, produce 59.4 per cent of the country’s 
oil production, and that in spite of a relatively smaller drilling effort 
on their part, while the small firms, assembled under the caption 
“Others,” and operating principally upon the fields of the Jaslo district 
and that of Drohobycz outside of Boryslaw, contributed but 34.8 per cent 
of the total production at the expense of a drilling effort running up to 
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53.3 per cent of the total meterage drilled.4 The least prominent part, 
as regards production, falls to the share of the Government-owned Polmin, 
which has contributed 9.1 per cent of the total meterage in the shape of a 
large number of wells drilled upon fields of small productiveness, such as 
Targowiska (field 3), Lipie (field 19), Dukla (near field 16). In 1937 
the Jaslo district attained only one-half of the production volume of 
Boryslaw, in spite of having contributed as much as 50 per cent of the 
total meterage drilled in the country, and the fact that the least drilling 
effort was expended in the Boryslaw field (Tables 2 and 3). 


TaBLE 7.—Gasoline Production, Poland 


Kilograms* 


District 


Year Jaslo Drohohycs Stanislaw6w Total 

1937 3,537,986 | 32,301,231 | 4,368,847 | 40,288,064 (+1 %) 
1936 3,476,616 | 31,833,221 | 4,571,970 | 39,881,807 (+1.01 %) 
1935 3,831,056 32,887,608 2,763,744 39,482,408 

1934 4,436,585 33,349,333 2,952,171 40,738,069 

1933 4,033,312 | 34,924,813 | 3,020,301 | 41,978,426 

1932 2,521,915 33,257,716 3,053,045 38,832,676 

1931 1,455,932 36,140,120 3,384,970 40,981,022 

1930 197,240 | 34,903,905 | 3,392,505 | 38,493,650 


NUMBER OF GASOLINE PLANTS 


* One kilogram = 2.205 pounds. 


In carrying out a broad prospecting program upon the plains of 
northern and western Poland,® the Polish Geologic Survey commenced 
systematic regional magnetometric and gravimetric surveys. In 1937 
40,000 sq. km. (9,884,000 acres) was covered by regional magnetometric 
surveys; 350 sq. km. (86,485 acres) by detailed surveys. Surveys made 
with Thyssen’s gravimetric apparatus have covered in the eastern sector 
of the Polish lowlands 6000 sq. km. (568 points) and in the western sector 
5000 sq. km. (360 points). Detailed surveys covered about 2000 sq. 
km. (220 points) and upon the Volhynian (Wolyf) area and in the Holy 
Cross Mountains (Géry Swietokrzyskie) 50 new gravity anomalies were 
ascertained by pendulum. Seismic surveys were carried out, according 
to plans furnished by the Geologic Survey, by the Pionier Company 


* Trans. A.I.M.E. (1934) 107, 405. 
® Trans. A.I.M.E. (1935) 114, 526. 
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between the Vistula (Wisla) and San Rivers (1750 km. of cross sections) 
and in the Central Carpathians (80 km. of cross sections). 

The Pionier Company was organized in 1928 by eleven big petroleum 
firms, to do exploratory drilling in the Carpathians and in the Sub- 
Carpathian zone. Drilling in the Carpathians (8 wells) has failed to 
produce satisfactory results, while in the Sub-Carpathian zone a broad 


TaBLE 8.—Ozokerite Production, Poland 


Kilograms* 

Year Boryslaw Pa eee ja) Total 

1937 310,465 155,445 465,910 
1936 343,593 99,299 442,892 
1935 300,945 68,163 369,108 
1934 89,138 67,027 156,165 
1933 326,648 39,368 366,014 
1932 308,815 279,887. 588,702 
1931 110,050 152,253 262,303 
1930 681,255 220,401 901,656 


«One kilogram = 2.205 pounds. 


and accurately conducted geologic and, in part, seismic surveying cam- 
paign enabled the Pionier Company and also Polmin to attain satisfactory 
results when drilling for gas. Of wells drilled, so far, for gas by the 
Pionier Company, one (Rachin) has been a failure, while a second one, 
near Kos6w, upon a gaseous area tested beforehand by shallow drillings 
(to 300 m. depth), has not as yet been carried to completion. 


TaBLE 9.—Participation by Some Big Companies in Production and 
Drilling during 1936 


Company Production, Per Cent} Drilling, Per Cent 
Valo pOls ka mrs cite lebanon sais cnc, he Seen Sete ee wv 41.4 26.0 
(Carl Raiay cso 528s a Ree ee acd cae vt ea ee C8 4.2 
(GAZ Ve NCMIMNG Mean oka ies nen Gains ees eiaahetee. 4.9 5.2 
Heirs G WOMMPRRR So hed cosy) lca vot hse ewiss Se 5.9 0.4 
DLT ee Re ee Pig) eal aya eet eters mals 1.0 9.1 
Standard-Nobel (Vacuum).................0. 350 0.9 
Wiryc ka pOllkaecew ens tskn orients Siteta see ls 1.4 0.9 
OL erS ae ee ear ee eon Ge tein heme oak 34.8 Dono 


rr ee ae ee 
2 Industrie miniere du pétrole en Pologne 1936 (1937) 315. 

In connection with the activity of the Pionier Company upon the 
area lying between Daszawa and Nowy Sambor, the exploring wells in 
Wownia and Gaje Nizne (Malopolska), in Kénigsau (Pionier) and in 
Uherce (Polmin) permitted the structure of the terrain composed of the 
Upper Tortonian to be defined more accurately. As a result of this, 
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in November 1937, a well drilled in Opary (Polmin 5) found at 395.5 
to 399.5 m. depth a gas-bearing sandstone giving a free flow of approxi- 
mately 100 cu. m. per min. of gas at 35 atm. pressure. After the positive 
results attained on the basis of surveys by the Pionier Company upon the 
areas of Koséw and Drohobyez (Opary), and by Polmin and Gazolina in 
the area of Tarnéw-Debica, it seems likely that the Pionier Company, 
as well as some of the latter’s stockholders who have contracted for 
considerable tracts in the vicinity of Koséw and, more especially, between 
the Vistula (Wisla) and the San Rivers, may now engage more intensively 
in drilling than they have done hitherto. 

A certain reawakening of interest, and in part the assistance granted 
by the Government from a special drilling fund, created to assist and 
encourage exploratory drilling, contributed to increase drilling activity 
in 1937. 


es eee, i 


Oil and Gas in Rumania 
(New York Meeting, February, 1938) 
THE production of Rumania for 1937 amounted to 54,142,600 bbl., 


which is a decrease of 10,319,636 bbl., or 15.9 per cent over that of 1936. 
In all, 1,300,000 ft. were drilled during the year— an increase of 220,000 


ft. over 1936. 
TaBLE 1.—Oil and Gas Production in Rumania 
Area Proved, Acres Total Oil Production, Bbl. 
Field, Department 
fed 
° . To End of | During Durin, verage 
g Be Oe ee ov 1087 1936 1937" dure 
= OV. 
3 Ss 1937 
2 Past 
a an 
i Glodeni, Dambonita is rajate agate aier vite atheists 40 400 400 549,800 9,100 9,800 30 
2| Doicesti, Dambovita.................5 25 200 200 22,600 
3 | Draganeasa, Prahova..............++ 57 200 200 343,900 
4| Malul Rosu, Dambowta.............. 34 200 200 5,800 
5 Colibasi, Resca, Dambovita........... 81 1,470 1,470 3,243,300 
6 | Campina, Prahoediin. sees sle vain 53 580 580 | 32,858,700 243,400 240,100 725 
7 Bustenari, Runcu, Prahow........... 85 5,250 5,250 | 103,304, "800 1,970,300) 1,756,800} 2,625 
8 | Scaiosi, Prahova............0..s00es 8 550 550 55.7 3,3 9, 75 
9 Copaceni, PYGROWG chap sisciawotins Pose 33 250 250 1,132,500 44,100 103,000 300 
10 | Filipesti Padure, Prahova............. 27 250 250 2,037,300 
Me PacuretiPrahoud. « sctevssiiscee osu ncies 38 150 150 33,200 3,500 80 
OH Ma tite, PraROwds on x; 5 ale sjoesee visit 38 200 200 80,300 
13 | West Gura Ocnitei, Dambovita........ 8 7,550 7,550 | 61,145, 000 6,175,400] 4,200,000} 10,900 
14 | Gorgota-Ochiuri, Dambovita........... 24 1,250 1,250 | 38,949,700] 2,057,500} 2,330,000) 7,500 
15 | Moreni, Dambowita and Prahov....... 34 3,700 3,700 307,288,000 19,366,000) 17,050,000} 49,000 
16 | North Moreni, Prahova............... 34 1,100 1,100 | 24,990,700 244,600 525,000| 1,800 
AZ| PIscOrl, PRGROVG sx: bore e ie wee areersratens 10 450 450 19,693;400} 2,387,600} 4,420,000] 43,800 
ASHeDitestl, PFGROVG.. asses occea wes cel-< 4 540 1,299,700 526,000 580,000} 1,000 
193) Calinestiv Prahova. 0.05... scce 2. nd eves 3 75 75 ,300 10,000 12,000 300 
20 | Baicoi, Liliesti, Tintea, Prahova....... 76 750 750 | 34,233,400 638,700} 1,880,800} 7,680 
21 | Bucsaai, Dambovita S airesioe earns 4 3,900 3,900 | 29,255,600] 16,522,500) 7,800,000} 11,300 
22 | Margineni, Prahova................-. 2 20 | 880 900 281,500 130,700 150,800} 8,255 
aiLAPICOSbL, EM OROU nls < s.a.x Sisters avsio'e ole aie 6 16 990 990 7,292,200} 1,177,700 402,800 895 
94 | Boldesti, Prahova.........:-+---++.08 10 4,890 4,890 | 55,533,200} 10,482,470} 10,088,300} 26,250 
D5 Coptura ph ranoud sc sc50.0+ 000.0500 of 24 1,980 1,980 | 30,339,500} 2,343,600} 2,452,300) 7,750 
DE Orlea, PRahOud ina oe eve vai late wuaks: pays ave 5 1,300 1,300 11,200 
27 | Podenii Noi, Prahova...............- 35 100 100 151‘100 
28 | Udresti, Prahova.............2.0+05s 13 100 100 138,800 
29 | Sarata-Monteorul, Buzau........... { 68 260 260 3,611,800 57,300 55,300 150 
30 | Arbanasi, Buzau............--0065 400 400 15,418,300 306,400 321,300 876 
31 | Solont-Stanesti, Bacau............. 250 250 ,700 140,100 95,600 250 
32 | Zemes-Taslau, Bacau.............- 170 170 4'616,600 134,900 140,500 370 
33 | Moinesti-Lucacesti, Bacau.......... 77 275 275 2,704,900 106,300 98,500 185 
34 | Comanesti-Grozesti, Bacau......... 100 100 1,600 900 700 2 
35 | Tetcani-Campeni, Bacau........... 100 100 955,100 19,400 16,700 45 
36| Hight Fields,! T'ransylvania.......... 
37 PE ORG Rincl caste ida s Cctapasiiinone soe 39,400 | 880 | 40,290 | 786,384,200) 65,062,236 54,742,600 


Manuscript received at the office of the Institute Feb. 14, 1938. 


1 Sarmasel, Moinesti, Sincai, Saros, Nades, Bazna, Capsa-Mica, Daia. 


Information 


available through the courtesy of W. P. Haynes, Member A.I.M.E. 
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Boldesti, Moreni, and West Gura Ocnitei remained the most impor- 
tant fields of Rumania during 1937. Manesti was the only discovery 
during the year. Three gas wells were completed on this structure, but 
so far there are no indications of oil. Further work at Margineni has 
proved it to be of small importance, the area of production in the gas sands 
being small, and normal crude oil being limited to a narrow zone in 
one sand. 

Important wildcats were drilled at Podenii Vechi and at Bratesti, but 
failed to open any new fields. 

The most important development comprised deep drilling, which 
opened production in the Meotic at Tintea and along the south of the 


TaBLE 1.—(Continued) 


Total 
Gas Pro- Depth, Oil Production Methods Pressure, Lb. per 
duction, Number of Oil and/or Gas Wells Average 3 ary 
Millions in Feet at End of 1937 Sq. In. 
Cu, Ft. 
During | At End of 1937 Number of Wells Averee 
1937 End of 
» | To End} o, 2 |o 
& | of 1937 | 28 BE wlse |g 8 |S: 
8 B= |B | Feel ealee| BSS [ss < g fae 
3 3S 5 s |5Al-sers&| §i88.le8 wl os re) ALP URES S 1936 | 1937 
a oe a + B+! So/5 3 sua Sogeo| a =I = is 3 
z Ba | 2 | 2 \e4| 2s lEel gz eee(ces| 2 | £| | & Ss] 2 
| s) Of Se Seo Ole Aare Hl helm faced pesos tial pee 
1 6 1 1} 2,020 | 1,030 1 300 
2 4 1,930 | 1,770 600 
3 15 1,170 | 1,100 300 
4 10 1,000 
5 30 1,100 
6 280 68 68} 1,200 700 28 40 
7 1,630 5 14 507 507) 1,400 400 10 | 100 397 1,000 
8 6 af 2 2} 1,800 | 1,450 1 1 280 100 
9 16 2 5 5} 2,200 700 4 180 160 
10 57 3,800 | 3,250 
11 14 1 2 1 1} 4,000 | 3,150 1 1,500 1,500 
12 10 1,300 
13 320 8 10 94) 4 98} 5,900 | 5,400 10 45 12 31 160} 150 70 
14 263 26 8 72| 2 74| 4,000 | 3,700 12 62 2,000; 400) 300 
15 1,184 47 20 | 491) 7 498) 5,000 | 4,500 25 | 280 91 | 102 3,000) 300) 200 
16 380 6 5 47; 1 48/ 4,000 | 3,500 5 32 11 2,000} 800) 700 
17 125 27 31 82 82} 4,000 | 3,500 10 44 16 12 1,500) 700) 450 
18 9 3 2 4 4| 7,300 | 6,900 4 700} 600} 600 
19 4 4 5,700 | 5,300 1,600 1,200 
20 465 16 77 77| 7,800 | 6,900 9 28 36 2,000} 500) 450 
21 145 43 8 Hilo? 112} 7,100 | 6,500 23 39 1,500) 600] 450 
22 16 5 2 5 5 5| 6,600 | 6,100 3 
23 13432) 58 2 12 ll] 1 12) 6,100 | 5,500 4 1 
24 1,4282) 147 | 21 31 97; 1 98] 7,900 | 6,900 37 10 
25 196 16 32 78 78| 3,300 | 2,400 10 | 59 
26 7 8,400 | 7'600 
27 6 1,700 
28 2 2,400 
29 40 4 4/ 1,000 | 200 4 
30 180 87 87} 1,000 | 200 87 
31 190 3 84 84/ 2,000 | 100 84 
32 60 33 33} 1,000 | 200 33 
33 40 15 15/ 1,000 | 200 15 
34 20 2 2| 2,200 | 1,000 
35 30 13 13] 1,500 700 13 
36 | 140,000 70 2 25 25/1,500 | 600 | 25 
37 | 140,000 | 6,035 | 234 1,991] 42 | 2,033 190 | 969 


© Footnotes to column heads and explanati i 
Pee eae SR planation of symbols are given on page 313. 
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salt between Baicoi and Tintea. The completions to date indicate high 
rates of production, and, because the area is competitive, development 
increased rapidly. As a result of the new development at Tintea, 1938 
is expected to show an increase in Rumanian production. 

The Bucsani field, which accounted for increases in 1936, has dropped 
rapidly and is now of minor importance. Boldesti continued active and 
was extended on the north and west. The Ceptura field showed: renewed 
activities in the development of the north flank. 

In the Moreni area, active development took place in drilling up the 
remaining area on the south flank and in the new area opened early in 
1936 at North Piscuri. In this field, the Meotic has proved productive 
over a wider area than anticipated. The Dacic is also productive, but is 


TABLE 1.—(Continued) 


Character of Oil 
» * Deepest Zone Tested 
Ustee thin 2 oe to End of 1937 
Gravity A.P.I. <& 
at 60° F. Ze 
~ saa 
-8 Ss 
g Name Age i a A a3 Name 
8/3 Boake WS Se fae ‘Si 
Z| 4 g in s | 2 le] 2/282 aé 
: bo D = i} 2| 8 a Go =I 
2/ 8 | & lsh] 3 3 & sel pe aS 
Sieeal S| e oe S |e lace lec a 
1 39 | P | Meotic Pili §-Ss Af 5 | Meotic 2,600 
2 39 | P | Meotic Pli §-Ss 70 | Af 3 | Meotic 2,000 
3 P | Meotic Pli S-Ss AF Meotic 1,200 
4 P | Miocene Mio 8-Ss Af Miocene 1,000 
5 P | Meotic Pli S-Ss Af Meotic 1,100 
6 41 | P | Meotic ID §-Ss MF Meotic 2,200 
7| 38] 45] 42 P | Meotic and Miocene Pli, Mio 8-Ss | 20 MF Oligocene 7,800 
8 40 | P | Meotic Pli §-Ss MF 3 | Meotic 1,800 
9 41 | P | Meotic Pli 8-Ss AF Meotic —_—| ‘2,200 
10 39 | P | Meotic Pli S-Ss A 28 | Deep Meotic| 6,400 
11} 26} 68} 52 M | Dacic, Pontic, Meotic | Pli Ss8-Ss | 15 Af Meotic 4,000 
12 P | Meotic Pili §-Ss Af Meotic 1,300 
13 33 | P | Meotic Pli §-Ss 15 SA 14 | Miocene 6,500 
14 33 | M | Dacic and Meotic Pli SsS-Ss | 20 SA 45 | Miocene 4,100 
15| 21] 351! 33 | M | Dacic and Meotic Pli Ss8-Ss | 15 SA] 120 | Miocene 7,000 
16| 28} 39] 33 | M | Dacic and Meotic Pli SsS-Ss | 15 SA 80 | Miocene 7,000 
17| 26} 40] 33 | M | Dacic and Meotic Pli SsS-Ss | 15 SA 7 | Miocene 4,000 
18 33 | P | Meotic Pli S-Ss SA 2 | Meotic 7,300 
19 33 | P | Meotic Pli §-Ss SA 1 | Meotic 5,700 
20] 26 45 39 | M | Dacic and Meotic Pli Ss8-Ss | 18 SA} 153 | Meotic 8,000 
21| 36| 44] 38] P | Meotic Pli 8-Ss Af 21 | Meotic 7,300 
22| 37] 65] 39] P | Meotic Pili §-Ss Af 4 | Meotic 6,600 
23} 32} 48] 35] P | Meotic Pli 8-Ss | 18 Af 15 | Meotic 8,100 
24| 34] 66] 37] P | Meotic Pili 8-Ss | 13 Af 6 | Meotic 9,100 
Meotic Pli §-Ss | 18 A 17 | Meotic 5,800 
28 pt Pe iy p Meotic Pli §-Ss A 6 | Meotic 11,000 
27 P | Meotiec Pli §-Ss SA Meotic 7,900 
28 34 | P | Meotic Pili 8-Ss Af Meotic 2,400 
29 38 | P | Meotic Pli §-Ss | 13 A Meotic 1,200 
30 38 | P | Meotic _ | Pli 8-Ss_ | 13 A Miocene 2,800 
31 43 | P | Oligocene Olig 8-Ss AF Oligocene 3,050 
32 43 | P | Oligocene Olig §-Ss AF Oligocene 1,500 
33 43 | P | Pliocene and Oligocene | Pli, Olig 8-Ss | 10 AF Oligocene 3,500 
34 44 Oligocene Olig 8-Ss 10 AF Oligocene 2,200 
35 44 Miocene Mio S-Ss A Miocene 3,300 
36 h Sarmatic Mio S-Ss D Miocene 3,000 
37 
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of minor importance. Dacic production in the main Moreni field was 
extended one kilometer east. 

In Transylvania no additional gas fields were discovered. 

Exploration has been greatly handicapped by the mining law. Dur- 
ing 1936, the mining authorities, realizing the effect of unwise legislation 
in retarding the discovery of new production, recommended a revision 
of the law. This was finally accomplished in March 1937, but the result 
was the opposite to that hoped for. Exploration was further hindered 
rather than encouraged. As a result, there was a complete stoppage of 
requests for exploration lands. When the situation was realized fully, a 
revision of the law was proposed to permit the explorer to retain for 
exploitation all land proved up to about 6000 acres on areas situated more 


TABLE 2.—Summary of Drilling Operations in Rumania 
SurFrace Formation, LEVANTINE 


Initial 
Produe- Pressure, Lb 
tion per Gaels per Sq. In 
Total Deepest Day Bean 
Area Depth, | Horizon Drilled by Fractions |{_——_——| Remarks 
Ft. Tested of an 
Gas, | Inch ‘ 
Millions Casing | Tubing 
Cu. Ft 
We ts Dritiinc on Duc, 31, 1936 
1| Floresti No. 1........ 1,795 Romano Americana Drilling for 
i de Meoti 
2 | Podenii Noi No. 1806..| .5,069 Steaua Romana Drilli ing for 
Meoti 
3] Podenii Vechi No.1...) 591 Unirea Drilli - for 
Meotic 
Important Witpcats Dritixp In 1937 
4 | Floresti No. 1........ 7,500 | Pontic Romano-Americana Drillin 
5 | Podeni Vechi No. 1...} 7,881 | Meotic Unirea oe =) 
6 | Manesti No. 1........ 6,818 | Meotic Unirea 2,500 | Gas 
7 | Manesti No. 2........ 5,053 | Dacic Unirea Drilli 
: ed 
8 | Manesti No. 1........ 6,828 | Meotic Steaua-Romana 4 16 1,450 | 1,600 acs 7 
9 | Manesti No. 1........ 6,460 oo and | Romano-Americana| 0.9 % 1,550 900 | Dry and gas 
acic 
10 | Bratesti No. 1........ 5,276 | Meotic Astra-Romana Dry 
We.t Dritiine on Duc. 31, 1937 
11} Podeni Noi No. 1806..| 8,275 | Pontic Steaua Romana Drilling for 
Meotic 


Number of wells drilling Dec. 31, 1937 7 
Number of oil wells completed during 1937. 208 6 
Number of a 2 
Number of dry holes completed during 1937. . 25 2 
Number of wells drilling abandoned 1937 10 2 
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than 20 km. from developed areas. Immediately a number of requests 
were made for concessions of this type but none have been granted. 

The new law discriminates between companies with Rumanian and 
with foreign capital. Financially, the companies continued to work 
under great difficulties. Because of the slow operation of clearing 
conventions, large sums of money are tied up for long periods. The 
State increased appreciably the freight rates on products for export. 
Difficulties continued in obtaining import permits, especially for oil-well 
machinery from America. 


Russian Oil Industry in 1937 


By Basit B. Zavorco,* Memsper A.I.M.E. 
(New York Meeting, February, 1938) 


DurinG 1937 the Russian oil industry made very satisfactory progress 
in its exploration branch and added considerably to its proven reserves in 
the older producing districts, while several entirely new potential areas 
were opened for development by discovery wildcats. The exploitation 
of known fields, however, suffered greatly from internal political difficul- 
ties; referred to as “sabotage,” and was also seriously handicapped by the 
requirements for national defense under the duress of a grave international 
situation. More particularly, the necessity for preparing for a major 
war resulted during 1937 in short-rationing of the oil industry in its iron, 
steel and rubber requirements, affecting quantitatively drill pipe, casing, 
tubing and the rubber equipment of automobiles, and qualitatively much 
of the oil-field machinery for which it was either impossible or difficult to 
obtain iron or steel of required specifications, which necessitated 
manufacture of heavier and unwieldy equipment and caused directly and 
indirectly an unavoidable major curtailment of drilling operations below 
the planned footage. War-preparation measures during 1937 also 
required accumulation of a large gasoline reserve in the Vladivostok area 
and inasmuch as shipments from California can be made much more 
cheaply than from Caucasian refineries, either by tank cars across Siberia 
or by tankers via Suez Canal and Indian Ocean, some 2,000,000 bbl. of 
gasoline was imported from the United States in the past year, resulting 
in a decline of 46.98 per cent in net exports of all petroleum products from 
Russia below the 1936 net export volume, which is the lowest level 
since 1925. 

Production of crude oil during 1937 is estimated at 212,742,000 bbl. 
as compared with 202,543,700 bbl. produced in 1936, an increase of 5.04 
per cent, but 11 per cent below the planned output. There were no 
major readjustments as to the source of crude-oil production, Baku 
district still accounting for the largest share; that is, 77.21 per cent. of 
the total. Exploration operations were outstandingly successful during 
the past year, major discoveries having been made on the Apsheron 
Peninsula, in Grozny and Maikop-Kuban districts, in Ural-Permian 
Basin, in Middle Volga-Samara district and other areas. 


Summary presented at the February meeting; complete manuscript received at the 
office of the Institute April 12, 1938. 


* Geologist, Department of Petroleum Economics, The Chase National Bank, 
Iie NE. 
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TABLE 1.—Production of Crude Oil in Russian Oil Fields from 1821 


Trans-Cauca- 


to 1937 


THOUSANDS OF BARRELS 


ear sus, Baku and N. cee NW. Caucasus Central Asia 
eor| : (F: 7.19) Maikop Kuban Turkmenneft Sredazneft 
(F: 7.281) (F: 7.38) (F: 7.33) (F: 7.41) (F: 7.20) 
1821-71 2,307.8 54.6 266.8 
1872 190.0 5.0 2.2 
1873 484.8 3.6 4.4 4.4 
1874 593.3 4.3 11.7 11.9 
1875 762.9 3.6 27.9 169.7 
1876 1,330.1 5.0 8.1 45.2 
1877 1,801.8 6.5 11.7 23.7 
1878 2,394.4 9.3 5.1 24.5 
1879 2,872.0 15.8 8.1 34.8 
1880 2,499.2 19.4 11.0 34.8 
1881 4,777.9 16.5 4.4 28.9 
1882 5,955.0 15.1 40.3 12.6 
1883 7,152.7 13.7 44.7 5.2 
1884 10,631.7 9.3 97.5 30.4 
1885 13,717.0 8.6 135.6 6.7 0.7 
1886 13,658 .0 10.8 124.6 8.9 0.7 
1887 16,943 .5 13.7 125.3 98.6 1.4 
1888 21,734.4 19.4 150.3 34.8 0.7 
1889 23,649.8 33.1 166.4 34.8 
1890 27,206.1 44.6 217.0 34.8 
1891 32,749.8 63.2 2.2 128.3 21.5 0.7 
1892 33,911.0 36.7 2.9 166.4 23.7 0.7 
1893 39,171.5 985.7 2.2 61.6 25,2 
1894 35,005 .2 616.9 1.5 145.9 10.4 0.7 
1895 45,545.1 3,343.4 ino 159.8 10.4 1.4 
1896 46,483 .5 2,768.9 1.5 167.9 Ped 0.7 
1897 50,588.0 2,161.3 2.9 170.1 10.4 0.7 
1898 58,339.7 2,097.3 0.7 142.9 41.5 0.7 
1899 62,123 .9 2,914.8 2.9 99.7 34.8 0.7 
1900 71,821.6 3,610.1 0.7 Sie5 44.5 im! 
1901 79,925.7 4,086.8 2.9 31.5 74.1 1.4 
1902 76,466 .9 4,025.7 2.2 47.6 64.5 4.3 
1903 71,738.6 3,957.4 2.2 34.5 36.3 2.9 
1904 74,122.0 4,933.8 1.5 16.1 72.6 56.2 
1905 49,387.5 5,193.3 11.0 106.0 242.6 
1906 54,246.9 4,580.7 10.3 72.6 509.8 
1907 57,779 .9 4,664.9 13.9 5.9 99.3 381.6 
1908 56,894.7 6,137.4 18.3 5.9 155.6 327.6 
1909 60,446.6 6,725.5 90.9 7.3 222.3 100.1 
1910 59,926.8 8,729.4 162.7 5.9 956.6 205.2 
1911 54,872.3 8,859.5 944.1 6.6 1,615.4 294.5 
1912 56,776.7 7,710.6 1,103.9 12.5 1,578.3 280.1 
1913 55,523 .8 8,679.8 583.5 64.5 959.6 166.3 
1914 51,698.2 11,600.3 492.6 46.9 607.6 236.9 
1915 54,464.6 10,390.3 937.5 77.0 548.3 220.3 
1916 57,468.3 12,108 .0 264.6 101.2 422.4 220.3 
1917 48,382 .9 12,619.9 305.7 125.3 363.1 252.7 
1918 24,936.9 2,993.9 451.5 140.0 363.1 207.4 
1919 27,220.1 4,316.2 358.4 86.5 155.5 
1920 21,221.2 6,247.4 115.1 29.3 120.2 
1920-21 17,889.1 8,651.0 240.4 74.8 34.1 126.0 
1921-22 21,930.3 10,331.3 310.1 89.4 53.4 123.8 
1922-23 26,012.9 10,809 .4 321.8 56.4 42.2 110.2 
1923-24 30,800. 2 11,727.6 384.8 68.2 38.5 120.2 
1924-25 34,487.5 14,572.0 484.5 118.7 45.2 136.1 
1925-26 40,666.8 17,341.6 457.4 92.4 84.5 133.9 
1926-27 50,204 .3 21,726.0 490.4 109.2 74.1 159.1 
1927-28 55,746.6 25,713.6 651.6 123.1 57.8 203.8 
1928-29 63,812.8 31,945 .2 1,023.3 120.2 65.2 171.4 
1929-30 74,860.2 43,550.5 3,324.9 101.9 86.0 282.2 
1930 (Sp. Quarter) 21,484.0 15,802 .2 381.2 29.3 39.3 100.8 
1931 96,229 .2 57,979 .4 3,889.3 175.9 103.0 544.3 
1932 89,089.0 55,432.7 6,666.6 151.0 251.2 442.8 
1933 111,964.9 34,959.2 4,330.6 124.6 1,146.3 354.2 
1934 140,088 .3 24,231.7 6,877.0 118.0 118.6 424.8 
1935 141,257.5 22,793 .0 8,642.1 114.3 2,487.5 1,154.9 
1936 158,300.0 21,500.0 7,650.0 2,850.0 1,200.0 
1937 annual.......... 164,250.0 20,800. 0. 10,000.0 3,470.0 1,387.0 
1937 daily... 450.0 57.0 27.4 9.5 3.8 
1938 annual, see 165,000.0 19,500.0 16,000.0 4,000.0 1,500.0 
1938 daily?........... 452.1 53.4 43.8 11.0 4.1 
Total (less 1938)...... 3,068,975.9 607,327 .4° 67,266 .9 20,242.8 11,172.6 


1 F means conversion factor from metric tons 
3 Author’s estimate; official plan anticipates pr 


into barrels according to average crude gravities in each district. 
oduction of 244,000,000 bbl., or 668,493 bbl. per day, during 1938. 
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TABLE 1.—(Continued) 


Sakhali = oe 
Emba Crimea akchalin olga Total 
Year 3 <= A 
F: 6. F: 7.28 (F: 6.82) Basbkiria Kama (Jiguli) 
Ce eS (F: 7.19) | (F:6.97) | (8: 7.30) 
2,630.7 
mare) 197.2 
1873 497.2 
1874 2.2 623.4 
1875 2.2 966.3 
1876 0.7 1,389.1 
1877 0.7 1,844.4 
1878 2,433.3 
1879 2,930.7 
1880 2,564.4 
1881 4,827.7 
1882 6,023.0 
1883 7,216.3 
1884 10,768 .9 
1885 3.6 13,872 .2 
1886 0.7 13,803.7 
1888 21,939 .6 
1889 0.7 23,884.8 
1890 3.6 27,506.1 
1891 2.2 32,957.9 
1892 0.7 34,142.1 
1893 40,246 .2 
1894 35,780.6 
1895 49,061.6 
1896 49,433 .6 
1897 52,933.4 
1898 60,622.8 
1899 65,176.8 
1900 75,509 .8 
1901 84,122.4 
1902 80,611.2 
1903 75,771.9 
1904 79,202 .2 
1905 54 940.4 
1906 59,420.3 
1907 62,945.5 
1908 63,539.5 
1909 67,592.7 
1910 69,986.6 
1911 125.5 66,717.9 
1912 116.4 67,578.5 
1913 819.7 66,797.2 
1914 1,901.4 66,583 .9 
1915 1,899.3 68,537.3 
1916 1,774.6 72,359 .4 
1917 1,783.6 63,833 .2 
1918 1,016.2 30,109 .0 
1919 185.4 32,322.1 
1920 211.2 27,944.4 
1920-21 400.1 27,415.5 
1921-22 933.3 ! 33,771.6 
1922-23 927.7 te 38,280.6 
1923-24 874.7 : 44,014.2 
1924-25 1,358.5 51,202.5 
1925-26 1,520.2 60,296.8 
1926-27 1,766.9 74,530.0 
1927-28 1,741.1 84,237.6 
1928-29 1,875.6 120.0 4.2 99,137.9 
1929-30 2,381.6 509.5 39.0 125,135.8 
1930 (Sp. Quarter) 584.1 215.5 11.2 38,647.6 
931 2,270.1 911.8 43.2 162,146.2 
1932 1,721.6 1,247.4 33.1 41.8 155,077.2 
1933 » 1,868.9 1,339.4 147.4 00.4 155,835 .9 
1934 1,684.0 1,649.1 450.1 85.0 175,726.6 
1935 1,912.6 1,632.0 2,917.7 55.8" 182,967.4 
1936 2,100.0 2,100.0 6,780.0 63.7 202,543 .7 
1937 annual......... 2,900.0 2,700.0 7,000.0 212,742.0 
1037 daily... sis... 7.9 7.4 19.2 582.9 
1938 annual’,........ 3,000.0 3,200.0 7,500.0 ‘ 220,419.02 
1938 daily?.......... 8.2 8.8 20.5 E ‘ 603.9 
Total (less 1938)... . 38,154.3 18.8 12,424.7 17,328 .3 3,843,591.0 


2? Estimate over part of year only. 
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As already indicated, drilling operations lagged considerably, falling 
37 per cent under the plan in the exploitation branch of the industry and 
32.2 per cent under the plan in the exploration branch, making the quick 
assimilation of newly discovered reserves impossible. 


SouTHEAST Caucasus 


On the Apsheron Peninsula, the Azneftcombinat Trust was remark- 
ably successful in finding both vertical and horizontal extensions to the 
older fields. The older Balakhani-Ramani-Sabunchi (Leninneft) area 
was extended one mile in the direction of Kala, apparently proving that 
this major structural axis branches out at Balakhani, the Sabunchi 
plunging nose being part of Surakhany, Kara-Chukhur and Zykh axis 
trending south from Balakhani, while Ramani branch trends due east. 
Also, there are some suggestions that in turn the axis of the Surakhany 
structure forms two branches, one continuing to Kara-Chukhur and 
Zykh, the other trending southeast in the direction of Cape Goisan. 
Deeper drilling to the pre-Kirmaku zone of the ‘‘ Productive Series”’ on 
the south end of Surakhany has proved additional major reserve, the 
deepest wells in Russia producing in this field at around 8600 ft. about 
2000 to 3000 bbl. per day initially on 34-in. choke. Kara-Chukhur field 
was also considerably extended during the past year. Major and 
unexpected extension to the north-northeast appears certain in the Bibi- 
Eibat field, where large oil wells were brought in from the pre-Kirmaku 
sands at the foot of the high Apsheron limestone escarpment, and at this 
writing test wells are being drilled on the escarpment itself. Areal 
extensions of Artem Island field increased appreciably the reserves of that 
pool. Apparently a structure of major magnitude was uncovered off- 
shore at Mardakiani, possibly on Artem Island trend, and it is due to be 
tested shortly by the drill. Elsewhere on the Apsheron Peninsula, in the 
Alyat-Saliani area and in Georgia nothing of major importance was noted 
in 1937, the more distant districts being handicapped by the ineffective 
service of supplies. In order of importance the fields of the Azneftcom- 
binat early in 1938 ranged as listed in Table 2. In general it may be 
stated that while last year there was some doubt as to the ability of the 
Azneftcombinat to increase, or even maintain, its production, the areal 
and depth extensions made to older fields during 1937 apparently assure 
this primary Russian producing region of continued high rate of output 
for at least the immediate future. The problem before the management 
of the Baku fields is to be able to maintain the present rate of production 
by gradual development of the known horizons in the old fields, more 
particularly the Kirmaku sands, while searching for new major fields and 
exploring for probable pre-Pliocene reserves in old fields. The Azneft- 
combinat has a fund of “inactive” wells, about 2400, a considerable 
proportion of which undoubtedly could be brought back to production as 
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small pumpers making around 50 bbl. per day, thus constituting a possible 
production reserve of from 50,000 to 75,000 bbl. per day. The repairs of 
“inactive” wells are greatly complicated, however, by lack of necessary 
equipment, while the “‘sabotage”’ and the possible damage to professional 
reputation with its consequences often resulted in classification of oil wells 
and of dry holes, respectively, as temporarily “inactive” wells, thus 
making the rehabilitation work a major and complicated undertaking. 


TABLE 2.—Producing Oil Fields of the Azneftcombinat, Southeast 


Caucasus 

Field Bbl. per Day| Per Cent 
Balakhani-Sabunchi-Ramani (beninneft) 24 eee 100,000 22.22 
Bibi-Hibat\(Stalinneft) coc. wae eee nn ae cee 87,000 19.33 
Kala (Azizgbekofineft). 1:20.25 5 ast ae eee aa ee 75,000 16.67 
Surakhany (Ordjonkidzeneft).... 2:.:.....)4....-0)2)0 6.2 70,000 15.56 
Lok-Batan and Puta (Molotovneft)....................... 45,000 10.00 
Kara-Chukhur and Zykh (Kaganovichneft)................ 44,000 9.78 
Artena islands(Artemmnelt) ase eye ied aan tee ne eee 15,000 3.33 
Binagadi and Sulu-Tepe (Kirovneft)...................... 8,500 1.89 
Kergezi(Kergeznett). <2 saat iat acted merce ne ee 4,000 0.89 
Alyat-(¢Alyaineft) seh y.cis eke een eee ee ee eae 1,500 0.33 
450,000 100.00 


NortHEeast Caucasus—GRozNY AND DAGESTAN 


The Grozneftcombinat was not as successful as the Azneftcombinat in 
blocking out new reserves, and while several important new discoveries 
were made their assimilation was delayed by the lack of effective organiza- 
tion, of roads, of pipe lines and of supplies. In this district the recent 
Russian trend of very satisfactory geological work and very slow progress 
of the drilling and the production departments was particularly noticeable. 

The area of Grozny and Dagestan oil fields is associated with the foot- 
hills of the Caucasian Ridge, and its surface geology is not complicated, 
making the discovery of favorable structural features relatively easy. 
All the producing fields in this district are associated either with the 
Terski (north) and Sunjenski (south) ranges of hills, or with their exten- 
sions in Dagestan, all these paralleling the main Caucasian Ridge. The 
Old and the New Grozny fields are in the eastern part of the Sunjenski 
Range, while Malgobek and Voznesenski fields are part of the Terski 
Range. Of the newer prospective semiproven areas Shali and Benoi are 
part of the Sunjenski Range, while Gorski Mountain, Taimaz-Kala, 
Mujim-Birk and Gudermes are associated with the Terski Range. 
Farther north geophysical exploration has established the presence of the 
third parallel range, which, however, is buried and is known as the 
‘‘Edessi Anomaly”; it is to be explored by drill in the immediate future. 
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The Old and the New Grozny fields are very definitely past their peak 
and except for gradually diminishing output to be secured almost entirely 
by pumping and by gas-lift these two pools cannot be counted upon for 
sizable production. Of the newer fields Voznesenski has proved to be 
somewhat of a disappointment, but Malgobek has been developed into a 
medium sized field with a production of around 25,000 bbl. per day, 
though even in this relatively new field around 80 wells are already on 
“inactive” list. Of the new discoveries, Gorski Mountain appears 
most promising, with recent wells being completed for 1500 to 4000 bbl. 
per day initially from around 3500 ft. Near Gudermes a new field was 
discovered in September 1937; well No. 7 flowing 2160 bbl. per day 
from 3400 feet. 

In Dagestan the recent discoveries in Izberbash and in Achi-Su have 
been almost entirely neglected and instead of the planned production of 
20,000 bbl. per day during 1937 only 4000 bbl. per day is being actu- 
ally produced. 

In general the Grozneftcombinat has been consistently the most 
backward of all Russian major oil-producing units, and complete reorgan- 
ization appears to be necessary before any improvement in its record may 
be expected. There are now 1800 “inactive” wells in Grozneft. 


NortTHwest Caucasus—Matikxop-KuBAN 


The Maineft Trust, operating in Maikop-Kuban district, was one of 
the most successful subdivisions of the Russian oil industry during 1937. 
This district produced 21,000 bbl. per day during 1936, about 27,400 bbl. 
per day during 1937, and early in 1938 increased its output to 42,000 
bbl. per day, making 123 per cent of theplan. Discoveriesin this territory 
were made in the known Kalujski-Apsheronski trend and included such 
apparently outstanding new fields as Asphalt Mountain, Kura-Tzetze and 
Shirokaia Balka. Drilling operations, however, in Maikop-Kuban area 
were, as elsewhere, far behind the plan, falling about 50 per cent short of 
the projected footage; therefore the more satisfactory performance of‘the 
producing division of Maineft apparently was due to large flowing wells 
brought in during 1937. But even though the Maikop-Kuban district is 
easily accessible, and its terrain is that of a rolling prairie, the servicing of 
new fields was on a primitive scale and official Soviet organs complained 
repeatedly that new fields there have no roads, no water, no equipment 
and no pipe lines, and that the light crude oil is being kept in earthen 
storage. In the older fields of Maineft some 1700 wells are on “inac- 


tive’’ list. 
URAL-VoOLGA BASIN 


During 1937 the most important regional discoveries and develop- 
ments in Russia took place in the Ural-Volga Basin, proving, in effect, 


694 RUSSIAN OIL INDUSTRY IN 1937 


that the whole area from Volga River on the west and Ural Mountains 
on the east, the Perm Province on the north and the Emba salt-dome 
basin on the south, is one major oil province embracing roughly 300,000 
square miles. 

On the north end, near the 1929 discovery at Chusovski Gorodki, a 
new field was discovered at Krasnokamsk, currently capable of producing 
about 10,000 bbl. per day, in an area that formerly was not rated highly 
because of the failure of Chusovski Gorodki field to come up to expecta- 
tions. Farther south the Ishimbaevo field was further developed but its 
output proved to be disappointing, owing undoubtedly to the forced rate 
of production during 1936. In 1937 Ishimbaevo produced only about 
20,000 bbl. per day, as compared with the planned output of around 
40,000 bbl. per day. At the close of 1937 there were in Ishimbaevo some 
170 completed “‘oil’’ wells, of which only about 100 were actually produc- 
ing, and while in 1936 fully 80 per cent of the production was derived from 
flowing wells, in 1937 the production from flowing wells dropped to 30 
per cent of the total and by the end of the year was down to 15 per cent. 
The decline of flowing production apparently caught the field manage- 
ment by surprise because as yet Ishimbaevo is not prepared to lift the 
crude oil efficiently by mechanical means. On the Volga River the 
Samarski Luki range of hills, mentioned in last year’s report, was definitely 
proven for large flush production at several localities: near Syzrian, in the 
oil field by the same name, some 12 oil wells were completed producing 
at the end of the year about 500 bbl. per day; farther east promising 
showings were encountered at Troekurov; while at Yablonovo a 1500-bbl. 
flowing well was brought in in December 1937; and at Zolny favorable 
results were also indicated. Considering that the new district of Samarski 
Luki is on the main water route of Russia, its development has been 
ridiculously slow, explainable only by the inability of the Government to 
spare engineers, skilled technicians and equipment from the older 
oil districts. 

Between Samarski Luki and Ishimbaevo most favorable indications 
and actual production of crude oil were obtained in wildcat wells at 
Buguruslan and at Tuimaza, proving as petroliferous the intervening 
area, some 300 miles wide. 

Elsewhere in Russia potentially the most important discovery was 
made near Romni, in Ukraina, where a salt dome was found apparently 
proving a new interior salt-dome basin; the discovery well, also showing 
a little crude oil, making 5 to 10 bbl. per day, a most encouraging indica- 
tion. In Central Asia, in Soviet Socialistic Republics of Turkmen 
(Turkmenneft), Uzbek and Tadjik (Sredazneft), some progress apparently 
was made during 1937, but the development of this province continued to 
be distinctly on a small scale. The Emba (Embaneft) salt-dome province 
was again disappointing, and even though the number of proven and 
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possible salt domes in this area is very large the magnitude of the crude oil 
reserve in Emba remains to be proved, with more evidence at this time 
that this reserve is distinctly mediocre. Nothing of great importance 
was noted in Sakhalin, though production on this island is gradually 
increasing, being now about 9000 bbl. per day on Russian leases and 
about 5000 bbl. per day on the Japanese concessions, exact figures not 
being available because the island lies in the trouble zone of the Pacific. 

Because of the slowness of assimilation of new reserves in Russia, it is 
obviously impossible to estimate even approximatly the newly blocked 
out reserves in 1937. With the exception of extensions made in the Baku 
district and the new fields brought in in Maikop-Kuban area, all other 
new discoveries must necessarily be given only a nominal reserve, since 
there are no data available as to the extent of new producing fields, 
stability of oil production, etc. It is the author’s tentative estimate that 
newly blocked out oil reserve in Russia during 1937, in new fields and in 
extensions, was about 500,000,000 bbl., as compared with the 1937 
production of 213,000,000 bbl., suggesting that the proven blocked-out 
reserve of Russia at the close of 1937 was 4,787,000,000 barrels. 


TaBLeE 3.—Exzports from U.S.S. R. 


BARRELS 
Petroleum and Produets 1933 1934 1935 1936 1937 
Crude and fuel oil....... 16,320,000} 14,110,000} 12,050,000) 9,350,000} 5,520,000 
Gasoline: gross exports. .| 12,350,000} 11,850,000) 7,970,000) 5,610,000) 3,870,000 
mo POTtSriy ts snes 420,000} 2,000,000 
Net exports........ 12,350,000} 11,850,000] 7,970,000} 5,190,000} 1,870,000 
IKETORENGS) 2, « fue nic alesse 4,010,000} 3,450,000} 3,170,000) 2,350,000} 1,290,000 
Lubricating oils......... 1,810,000} 1,780,000} 2,420,000} 2,290,000) 1,490,000 
POUAl acer tesla oS 34,490,000; 31,190,000} 25,610,000) 19,180,000} 10,170,000 
Decline from preceding 
year, per cent........ 9.57 17.89 25-11 46.98 
Daily rate, bbl......... 89,200 85,500 70,250 . 27,800 
Percentage of production} 22.1 17.6 14.0 4.8 
Asphalt and _ paraffin, 
GOS Meth scp Sider ot: 60,000 224,000 38,200 


REFINING 


During 1937 Russian refineries ran to stills 194,000,000 bbl., 8.98 per 
cent above 1936 runs but 11.5 per cent below the plan. Production of 
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gasoline in Russia reached about 38,000,000 bbl. during 1937, or 19.6 per 
cent of runs to stills; of this total, 40 per cent was straight-run and 60 per 
cent was from cracking plants, while in addition about 1,000,000 bbl. of 
gasoline was produced in natural gasoline plants. Production of kerosene 
during 1937 was about 43,500,000 bbl., or 22.4 per cent of the runs to 
stills. Refining operations and new construction continued to be centered 
in Caucasus, principally in Baku, Grozny and Batum, with smaller plants 
at several strategic points of Russia. 


EXPortTs 


The decline in net exports during 1937 (46.98 per cent as compared 
with the 1936 export volume) was due partly to the increased domestic 
demand and partly to the economic necessity for importing gasoline 


supplies into the Vladivostok area from California. Table 3 presents . 


export statistics from 1933 to 1937. 


CONCLUSIONS 


The difficulties that face the Soviet Government in its management of 
the oil industry have led this industry into a very involved situation and 
its solution is necessarily dependent upon either the correction or the 
improvement of the basic factors. Insufficient supplies are partly due 
to the preparation for war necessitated by the present international 
situation but even the distribution of available supplies and equipment is 
greatly delayed. The poor grade of much of the equipment in combina- 
tion with poor supervision and attention to such equipment results in 
serious breakdowns, which, together with unsatisfactory distribution of 
replacements, results in extensive shutdowns, which more particularly 
affect the uncased drilling wells and hence greatly disrupt the projected 
plans. The distribution of equipment is handled so poorly that a large 
number of completed oil wells are shut down for lack of production 
facilities. This situation affects particularly the wells that stop flowing, 
for which mechanical lifting equipment becomes necessary, the total 
number of potential oil wells carried on the books as “inactive” at the 
end of 1937 being around 5500. 

It is extremely doubtful whether Soviet Russia would have been able 
to increase and maintain its production at the present levels without the 
great reserve available in Baku district, which has been and probably will 
continue to be the principal base of operations for many years to come. 
With increased domestic demand for petroleum products, the exports 
from Russia probably will be entirely discontinued within the next few 
years, and unless much greater production is obtained on Sakhalin Island 
or on the Siberian mainland considerable imports may be necessary from 
California, particularly if the present war fears persist. 


Petroleum and Gas in Trinidad during 1937 


(New York Meeting, February, 1938) 


Tue first production on the Island of Trinidad was discovered 29 
years ago; 13,275 acres were proved for oil and gas to the end of 1937, 
and 145,076,700 bbl. was produced from 2661 wells, or 10,928 bbl per acre. 

The production of oil in 1936 was 13,237,030 bbl. and in 1937 a new 
peak of 15,498,350 bbl. was reached. During November 1937, the daily 
average production was 43,350 bbl., or 35 bbl. per well, while the maxi- 
mum gas production was 45 million cubic feet daily. 

Two hundred fifty wells were completed during 1937 and 15 aban- 
doned. At the end of last year, 800 wells had been temporarily shut 
down, 1235 were producing oil and gas, and 2 were producing gas only. 
Six hundred seventy-nine dry wells had been drilled to the end of 1937. 

At the end of November 1937, the following oil-producing methods 
were in use: 395 wells flowing, 491 pumping, 97 on air-gas lift and 252 
wells miscellaneous. There were no flooding operations. 

The oil is produced from the Miocene and Eocene and is of both 
asphalt and paraffin base. The gas produced averaged approximately 
1050 B.t.u. per cu. ft. with 0.8 gal. of gasoline per 1000 cubic feet. 


Manuscript received at office of the Institute Feb. 8, 1938. 
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Petroleum Development in Venezuela during 1937* 
(New York Meeting, February, 1938) 


Propuction of crude oil in Venezuela for the year 1937 was 186,653,- 
916 bbl., as compared with 155,228,982 bbl. produced in 1936, an increase 
of almost 31,500,000 bbl. The oil-field strike, which started on Dec. 14, 
1936, lasted until Jan. 25, 1937, when a total of 10,000,000 bbl. of produc- 
tion was estimated to have been lost (5,750,000 bbl. in 1936 and the 
remainder in 1937). Of the total of 186,653,916 bbl. produced in 1937, 
the Lagunillas field contributed 45.6 per cent, a drop of approximately 
10 per cent under 1936 figures; Tia Juana, 14.3 per cent; Quiriquire field, 
14.0 per cent; La Rosa area, 13.3 per cent and the Mene Grande field, 7.6 
per cent, these being the five leading contributors of the year’s production. 
Detailed production figures by fields and by companies are shown on 
Table 1. Of the total production of Venezuela the following four major 
companies accounted for the greater proportion: Standard of Venezuela 
and Lago Petroleum Corporation together, 48.3 per cent; Shell, 37.4 per 
cent and Venezuela Gulf, 14.0 percent. At the end of the year, 2491 wells 
were producing, of which number 1291 wells were pumpers, or about 
52 per cent. 
PRODUCTION 


The accompanying statistics of production record of Venezuela oil 
fields from its inception to Dec. 31, 1937, shown on Table 2, indicates 
that the cumulative production reached 1,503,283,228 bbl. In order of 
importance, Lagunillas leads all the fields, having accounted for about 
50 per cent of Venezuelan production, followed by La Rosa area, which 
produced about 21 per cent; Mene Grande, which produced about 13 per 
cent, and Quiriquire, which produced 6.5 per cent. 

Table 3 shows the age of each field. Mene Grande is the oldest, hav- 
ing produced for 24 years; Tarra is next, 2114 years old, and El Mene 
third, 1714 years. The gravity of the crude from the various fields, also 
shown on Table 3, remained unchanged, the only addition being the new 
Tia Juana field, which averages 15.6° A.P.I. 

Table 4 shows the method of production by fields as of Jan. 1, 1938; 
at the end of the year 2491 wells were producing, compared with 2005 wells 
producing at the beginning of 1937, or an increase of 486 wells. The com- 
pletions for the year reached 512. Of the 2491 wells producing crude oil, 
1291 wells, or approximately 52 per cent, were pumping, 925 (approxi- 
mately 37 per cent) were flowing naturally and 275 (11 per cent) were on 

* Compiled by Basil B. Zavoico from information furnished by C. C. MeDermond 


and others. Manuscript received at the office of the Institute Feb. 12, 1938. 
698 


699 


PETROLEUM DEVELOPMENT IN VENEZUELA DURING 1937 


soe eanrpcn watny 
Saif Fiano eee ee 
Os ee 
69 ee ae: O19 9p Ory-Sefenueyy-e.17e J, 
09 L -Opequtg qH-eIpey-ouayy 
Ag Ree oeen acer 
ARANDA SE, eqeeeie 
6079 sae nee anieuy 
Wetec were tots? ase 


:8[2.178q 0} [10 apNio suoy oLNOUT BuTyIOAUOD 


ev 88 58 ee a eee 


TOT'TOT |Z2E'6ES |ZhH'F9S'FL |TTT'PZO'S8 |8F6'69L'08 |G61‘LTZ'FI |896'9E0'OF |FST‘'669'9Z |IST‘Z80'IT |288'Z6F'L JOTT'FIT'S |FL6'ST6'F% |6zz'Shr's 967'28E'F 66188021 | ]e}0} puviy 


OOG'TT /628°EF |€ZI'T6Z'T |6T8'8ES'9 |eoT‘eTo'e jese‘ceo'r jeet‘oez‘s |Pre'Tge'e jg6o‘9rs't |sse‘oe9 |o9s‘PzT'T |6oz'Tz2°z GPF'LOL |TOS'OVE |992‘eeT'T 
SFP |€8E'ZF |806'28z'T |s60'9¢2'9 |9e2'T88'2 jggs‘6s0'T jgzs'rL2‘s |sse‘gso‘e |zTS‘zo9'T |eTo‘TZ2 |scz'zte'T lece'ez'z OSS'GLL |OL8'ZFE |6E8'TZ1'T 
06'6 |Z0c'S |9FL‘e6z'T |S9T‘ez8'9 |FeO'9e2'2 |TEr‘ger‘T |ero‘eto's |sor‘6or's |ege'szz't |gzc‘co6 |eze‘ezP't loga‘zzz'z PE9'CSL |TPL'SLE | S¢8‘eIL'T 
S9F'6 |L2e'Fr |6zG'CLz'T |90L‘ZhO'L [OSF‘09F'S [eSs‘TIT‘T lere‘oze |zor‘oz6'e jgse‘ose'T |9go'o90'r jozz‘see't |¢z6‘080'z T9S'SSL |86S'TLZE |992‘9G6 

£626 |898°S |Zes'cec'T |ZE6FI6'9 |F9z'ZhO'S |OFF'TLT'T |6IZ‘TOL‘'s |pte'scg'e |eze'zsr't leps‘ect'T l6rc‘oro'L \c19'Pae'z COT'LOL |FPL'20F | 902'FS0'T 
PLE'ZI |629'9F |ZZO'PIS'T |TFO'6ES'9 |28z'626'T |ecr'FOs'T |e6z'SoL'e |ser‘zso'e jose‘est'T j9so‘ort'T |zos‘zzz |zzt‘zer'z T88'T6L |866'FTF |€62'S86 

S6STT |ETI'Sh |628'8hs'T joss'z8h'2 |2¥z‘ORL'S |G6r‘'zoz'T |sor‘e#s'e |2zo'6er'2 |geo'zz6 gge'ce6 |LIT'9LG j9zt‘2z0'% |TZF‘OT9 §|FIz‘9se |IFFOgO'T | ae 
SIZST |TEF'9F |T8O'CLT'T [9T6'Sh8‘Z j9Fs‘09L's |cE9'Tsz't |seo'zos‘e jogs‘6cr'T |oze‘es¢ 206689 |¢eL‘0es |6LT'z60'% |9es‘be9 |Szo'csTP |cez‘zrO'T |" aoc ABW 
ESZ'FI |ST9'L |6S2‘TZI'T /T0L‘906'2 |se9'9es's jogs'g6z't josr‘etz‘e |022‘66¢ 818°S63 OTO'SES —|Z88"0L SOL'TIT'S |86S'FIL |F90'66E |T#0'866 
TH9'LT |998'6F |200'6ZZ'T |6TS‘TEr'S |Ste'Fer's |FOZ'LOFT |226'6z8' |0Lg‘GZT 889'%s £88'TS 660°TL OOs'cEs's |FeE'EhS [L6SF6E | 628'266 


L8L'LT \0z9'eh |ozt‘zz0'T jege'tze'z lere'gzu'e |ssz‘9oz't |ssz‘szz'e |s60'09 —_|ezs‘9 pez'es — |seo'z66't [c¥8'z0s [tzz'cbe _lezp'ens 

LeL'0@ l6cc'se |9sz'zt2 —sor'ogs'r |epz‘scr'T jer9'ess [rro'sis'z |rr9‘0r 696 cp9'6e oor TZ‘ |ser'zzt loze'sst _ |ges‘ors 

‘ooa|ood| ozo] rot | ‘aoa | 3M omeT | OL | O'OA | FMD | of] | poL | ‘OA | gD | ofey 
aueyy | epuein 

cae page Bpeere seyunsery Poly vung ery, PPLE BOY BT 


See 


LEGBT ‘Djanzaua A U2 110 apnsD fo uoyonpoLg— T G1av,L, . 


eT + 


(panuywo))—T a1av 


t~ 
oO 
on) 
sl *peddeo 
© S[]eM pus Jequiezdeg-prur UMOP pasof platy “UMOYS JoquIoydeg-prux 07 ArenuEe poriad 94} 104 [e407 UO MOY ‘JoquIB0a(] [JUN JIqeILBAG Jou PJey BISOOV ap BUay Iq JO UOLONpoud 40; sant y { 
— 

3 QT6'ES9'OST | see's £90'T 920'Seh | T9F'TZ6 PPO'LLS'SS |ZIL‘EL9'S | S28 |S8Z'SO0'T |Z2e'FS8'% | 92L'C66 | PEI'THE | OSTLE | 197} pussy 
So eo RES) ae Rees eS eee 

< 268'086'9T cee’, 98°49 26L'F6 €0S'68T'Z |$88'60z T18°86 498'892 ¥20'28 SEP G6: 2098/0" aan care een Sey, 
i PTe'610'LT I T1Z‘09 T61'28 80S'TFI'2 | 162'00% $6026 = | LO LEZ COPEL |) LOO'CR OSS TE a eee PLEO] 
FA 8Se'seL'ZT I POELS TS8°€L BST'9FZ'S |9E9'E0E 9FL'T |OIZ90T |2e2'ees 98978 | 968'9¢ 196% 

2 crs'oer'Lt I T86°S9 g99'Gs 9F9'L8T'S | 6T¥'807 SE9'LOT 9688'S 920'€8 | $60°IT $19°% 

N ‘ 4 

A 0691S LT I 9F8‘0S | 862'F6 Z9E'SESS | £S0'LZ7 B6E'T |L68°EIT |00L‘0¥Z 62F'98 Z10'S1 £98°% 

a T6TOLF'9T I gec'ce | 9F8'28 LIO'STZ'S | L80'9F% SEL GLU'SIT | 6€0'S€% ¥2F'38 68°01 SES'T 

> g9g8'O1e'or 1 T6I'sh | 209°S6 986'09T'S |6SF'STZ 00L'S6 199'8%2 GL0'€8 | 6PL'L 8H0'T 

z 96F'SOF'ST I GSES | FLS'S6 9ST'9F0'% |LFL'9Z7 68629 =| LES FL 898'88 | 80E'FT 0go'T 

Hi -S8'969'FT I 0992 9P8'SL Eg6'e9T'% |899°LTS Trg‘s¢ 608497 62668 | LSZ'6T 68'T 

ex 900 L66'FT I 628'8 918'9F 928'ZST's |Zer'S0e est'T9 S¥8'0LZ 918'96 | 68S°ST 596 

Z  s¢9°Ts0'st I £90'T | 628°6 P8L'eh 098'600' |F£8'66T OTS'rS — | 608" EF ece'e6 | L09°CT 6EI'T 

=| 122'906'6 t 61'S 902'6F €2S'9ZT'S | LOS'ETS TS6'E | 8P6'E6 TLL'98 | PPL'S ¥Or 

onl 

o A Ee Ns | ae 8 Gee 

= "MTL | ope’ | oeaea barge thor: fe aeore: ena Tm ERe eect mer Chae eteer cane ya 

o “AOL AOS | “A'O'S LOS O'S NO'S A'O'S AOS |°O'C'0 | ‘O'a’O | ‘O'C'O | “O"O"A O'O'A 

ic) es ee eee ee eee opequt 

fay s]®}0], eae ae oe ca ee Dali eee 

= iach (Oda ¥110}09) | Omnoe sage fenoodg | eatnbrin: sid OO tee Piigaay hagas Ze, ate 

PB ap suey sey 990 hei. -rapeg I inbuind Bun) | ep ony soy L -daou0g d YI 

rm 

° 

= 

& 

& 

Ay 


700 


701 


PETROLEUM DEVELOPMENT IN VENEZUELA DURING 1937 


ee ee Eee 


FZO'EOS'SOT |6LZ'FEL‘F9 |686'F06'9E |E06'EFS'IZ |8L9'F9Z'6 |ZST‘2EZ°F |Z09'L6E'S |SSO'SEF'T |GTT‘'9ZE |SLF'8Ez |FOE'L9E legziezs | T#30.L 
pees se eires Gehrels ®4S00V ep oud 
TN ees eri one ZAG cc “yoneN 
Z09'T8E |IGT'ZTS) fELE'CHS. = GGP'FO — HOOP'ETT, <hincia.) |) gM eR IT © alee Da lo ata ie cage tee osoueny 
BPE ee aS 5: --oowumnig, 
5) Ags and earn ag seme sey 
CL6‘1I¢ 2 pre-e te Xa aie ie eye. e 19 © (eo 6: Ohne eke oe ‘ouInjoO T, 
ie, ea koe eee + yens0I19 
kobe Re < hotel nea ae a 8110309) 
sp etiats See en eee omovury 
NAc hares Se eS sapeusepeg 
ermbing 
oqereung 
010 9p ony 
sejenueyy sory 
C8PF‘Cel 881‘LOT €1S'6F “++ BITey, 
696'9 O16'82z O8Z'FEL SOT'OSS fre he ee ge a Se Oe ey Zeq By 
c6I G8L'EE9 10¢‘ZEs S's to i i ee ese ee i Oe all Rg Til ee Se nico d.pn ae b apes coor worsde0u05 
sor‘rar'ta iszg‘gce’ss |ete'Zos'T | ee  seyprunsery 
PPR rae tae OA A -guEnp BLT, 
TLETSST «— |BLSOFI'E. ||P8O'SET. ls) os SY a Oe are hen ea zoylueg Byung 
OLO'90T'SS |6F9'GOS.GE JOOS GISTs |SLZ'66S OL [PEL SS Bel = Nl I |S “7 eso" BT 
LZ€'696'T SCECLET JLTS'6CLT  (ZTE'OSL. Ch ae I SS | en co *-olsoiquIy 
PERSE PN Ne IN RN cre nee (a | Opeyulg s1quIoyy 
iat aye dh Nes ide ea ee ae eIpoyy 
8Eg‘998'T PSO'SLP'S |069°9TE'S jOZO'ZES'S |S99'GLO'T | Rea ne cee eae aa “*" "Quay, TL 
QTL‘L8Z'EL  |96S'S18'6 § |SIF'ePF'S |TST‘Z9E'9 |z8P‘098'F \ZeI‘2¢2'F |Z09'Z6E'S |ZG0'SGF'T |6TT‘9ZS |S2F'8gz |FOe' 298 lesz'gss | epusiIn suey, 

826T L261 9261 SZ6L ¥C6I G61 C61 TZ6T O0Z6T 6161 SI61 LI6T PP 


spparg fig spLovayy Uworuonpolg—Z ATAV J, 


PETROLEUM DEVELOPMENT IN VENEZUELA DURING 1937 


702 


8Z2'E8Z'E0S'T | YI6'ES9'98T | Z86‘8Zr‘eST | O6L‘EZS'SF1 | F9Z'S8E'LEL | PLE'S89‘6IT 

L18'TS8 Gee's 062'F% $69'9F FEe'16 

SIT‘es 

¢os‘s¢s'T 

ZL0'S0% 

FPS'SLT £90'T ¢82'‘OIL PS8'F 

989 LF 

TS6'6 196'6 

920‘ eh 9Z0' EEF 

OFZ'FL0'T T9F'IZ6 6EF'SET Ore LI 

£88‘ 6F 9L0'F 8F0'LZ 602'8T 

S8L‘Lb9'86 FPO'LL8'CS =| SSS'OLT'Ss | GOS'FZ8'6T | 99L'TZL‘eT | ZoZ‘9gZ‘9 

L0$‘L82'61 ZIL‘ELS'S Z60'F62' O8S‘Tz0'E 199‘098'E ChE 1E6'F 

£28‘ £18‘ 

L89‘GoF'ST ¢82'S00'T ost'szs 9ee'6I1'T L88'8£0'% ¢80'096'F 

8L9‘0ZE'TE LLE‘FSS'S 699‘ZIF'S T¢¢‘ez6's 1Z9'FIF'F Z09'L¥E'S 

L89'188's POLITE 028'E8T 982'69T LOE'TES IS#' 18S 

6LI‘9FT‘'6T 9Z1'66 €69'TIT'T OSO‘9T#F'T 619'CFL'T 9F9'ESl'Z 

geg‘cee'ggy | TIT'pzo'es | HE9'266'SS | LL9‘STZ‘IS | 8PE'619'CL | Ess‘IFI's¢ 

$S1'669'9S FST'669'9S 

LLO'TFF'LIE | FLE'STG'FS | 6O8‘L8z‘IZ | sHO'sEc'Ic | ITZ‘zg0'es | Z6L‘TZ6'F% 

SST‘OFZ 99z'Le 8FZ'ST QLZ'LT $6991 Z6I‘9T 

ZOL‘ LOFT T9L‘'T9T 9 LES Z6F‘SOL €FZ'S0S OTF‘008 

E8T'LLS' TS ZZE'6ES T€6'es¢ S69'FSL L86'TSL 068‘068 

ELO'FLE'L8IT | SbF FOS‘FL | HEF'SzP‘'CT | SBF'OgS'eT | z2G0‘¢Ez‘eT | gFe'eHO‘ST 
1830.1 LE61 9861 Seé6l FE6T S861 


Z8F'SOS‘OTT |9G6'ZZO'LZIT |OLL‘166‘9ET 
P8e'9IL GZ0'L61 8SL‘'FS 
SIL'g¢ 

69L'9F €99'8F% 

S8I'Ss LOL‘T6 

ese'FIl O1F'8Z 
8h3'T £60'6 TOT‘O 
#92'696'F  |O10'ZL0'E  |S06‘6FI‘T 
1¥8'980'S |622L‘6T 
*PL'600'E  |008‘961‘E 
¥62'6cE'S |6L1'OS#'F jEIZ‘FII'¢ 
€92'FIF 018'Z99 OLF‘6LE 
698'EsT's |L6L'LE9'F  |LES‘O8T‘E 
S61'ZSS'19 |L6I'FP8‘S9 |82O'9ZLE'SL 
ZLL‘O9F 96g‘TE LEL'FES 
9SO'IS9'TZ |2z0'z9E'6I |eeZ‘99z'Ez 
880'696'T  |OFS‘009'T  |z98‘8zI‘¢ 
9F0'ES 1ZS'Ss ¢86'9% 
Ler‘6ez'T jOg6'sgz‘'t |¢92‘sse'T 
O8Z‘EIZ‘El |8eoEse'IT [98E‘zrL‘os 

ZE61 Te6T Og6I 


IPE‘ T FS‘ LET 
000‘FFT 


LIE‘PP 
O8T'88 
6L2'9T 
619'89 


F8L'8P 


98T‘OST 
I8T‘Z¢ 
egl'ez 
TE9‘E6F'SL 


OF0'E8F 
PST'LEE' LZ 
869'FLU'ZI 
e9T'6E 


FES'ELO'S 
OTL*LZ6'ST 


6261 


. 


teeters TROT 


‘+++ ++-gqs00y ep auay 
FiteetreereeesssHonanr 
“***o90uBND 
“7° -oovumnIp 
Verses sees sgpupeg gery 
Fetes eeeees+ + onmngoz, 

“++ -Ten9019 
beter et eseessssgiz0909 
wir? seers age ++ -omoeury 
“"***saTeulepeg 
Fete eeeeee ss -gambume 
tereeeees ++ -oqareumng 


toss 82525*=-07G op ong 


**sejenusyy soy 
oe sie v ele eins tia 7 


eee 

Tae roan 
“""*"Buene BIT, 
“"*“geylueg Byung 
nah Capeaiee pemeetiee 
a eee eg 8 Se 
“*****"opeqyulg s1quioyy 
“SIpeW 
Bing $e aoe 
wep oneal 


(panuyuog)—z arav 


PETROLEUM DEVELOPMENT IN VENEZUELA DURING 1937 


703 


TaBLE 3.—Summary of Production Ending Jan. 1, 1938, Venezuela 


a ee a a oe eee 


: Number of Wells 
Production, Bbl. of 42 Gal, Producing by Various 
Fields Methods Age | Average 
of | Gravity 
over 1 Yr, Old Field, | of Oil, 
Prior to 1937 | During 1937 ope ieee has ere ao ped Passi? 
(ATM DEGAIOS nese ak Aut dees ar 5 ic \ 
ULAR Osa ire riratancharnt.n atv aia, ols 292,526,003 | 24,915,974 317,441,977 | 181 73 504 14 25.00 
Punta: Benites. cay 2 et ccren ae f 
PULA EADIA Cee etter sc 26,699,154 26,699,154 | 224 8 15.60 
Mapunillaa «ese eRe ace ces: 670,528,525 | 85,024,111 755,552,636 | 245 81 557 114% 16.70 
Mene Grande.........:...... 173,709,631 | 14,264,442 187,974,073 53 73 17 | 24 2 
IM Mieno weer ie aid steaieias <a 20,737,861 539,322 21,277,183 41 42 1714 37.20 
is sy eirs, cor ME Sa Aton s 1,336,601 161,161 1,497,762 2 uf 7 37.50 
Hombre Pintado.............. 202,899 37,256 240,155 1 9 36.67 
WiaeP agin. enn sense eon. 3,546,343 341,194 3,887,537 3 21 15 21.60 
Woncepolon: 5 ..n. Mises ae oe 18,153,453 992,726 19,146,179 3 75 13 35.40 
Rio de!Oro,Pece-ee cia os 3,873 3,873 22 30.20 
ENG era hace Batt, Aes CRE 28,466,201 2,854,377 31,320,578 8 21 21% 8 
Tos Manuelesi cite orn iaios 14,449,802 1,005,785 15,455,587 8 11 4 
(QUBHOCO}, «5 vier ow ieinietele she cconst 1,855,805 1,855,805 24 10.49 
Mene de Acosta.............. 844,482 7,335 851,817 11 5 
PROUUINO sfdaw ose eekt cee « 141,636 141,636 22144 | 20.98 
doas Palmas yo espera ses 174,181 1,063 175,244 9 34.00 
CaMare DG fo ate Meese Bhat 16,718,795 2,573,712 19,287,507 33 14 7 5 
Ouinguires saree tacts oe 72,769,841 | 25,877,944 98,647,785 | 157 31 9 16.00 
Pedernales Fann ace nesses nce 49,333 49,333 4 15.00 
OrGcusl cones hues ate ne 27,2911 9,951! 4 13.00 
ATARCUTOS ac ea dete els sutra ree 135,439 921,461 1,074,240 5 2 18.70 
Cotorra facs s sthtectss estes 433,026 433,026 3 1 21.50 
UREMRCOl Zc sce rely. siete 205,072 205,072 1114 | 34.00 
Noetloke: ys %eociec taste sieves 55,118 55,118 5 27.00 
otal: user ack pacien sa 1,316,629,312 | 186,653,916 | 1,503,283,228 


1 Adjusted, as original figure includes production now included under new fields. 
2 28° and 17.45°. 
3 30.2° and 22.6°. 
4 From 41° to 50°. 
5 Production prior to Jan. 1, 1931 included with Tarra. 


air or gas lift, these figures for Jan. 1, 1937 being respectively as follows: 


1162; 570; 273. 


Table 5 is the completion compilation for producing oil wells in 
Venezuela up to Jan. 1, 1938, and includes two new fields, Tia Juana 


(L.P.C. and V.O.C.)* and Coturra (S.0O.V.). 


This table shows that 


* Abbreviations of company names used throughout this paper are as follows: 


B.C.O., British Controlled Oilfields, Ltd. 
V.O.C., Venezuelan Oil Concessions, Ltd. 
C.D.C., Colon Development Co., Ltd. 

§.0.V., Standard Oil Company of Vene- 


zuela. 


R.P.V., Richmond Petroleum Company of 


Venezuela. 


C.E.P.S.A., Compafiia Espanola de Pet- 


roleo. 


N.Y.B., New York & Bermudez Co. 
T.0.V., Tocuyo Oilfields of Venezuela. 
0.0.C., Orinoco Oil Co. 
L.P.C., Lago Petroleum Corporation. 
C.P.C., Caribbean Petroleum Co. 
M.G.O., Mene Grande Oil Co. (formerly 
Venezuela Gulf Oil Co.). 
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3698 wells were completed in Venezuela between 1914 and Jan. 1, 1938, 
the year 1937 being the second highest year on record, with 512 comple- 
tions, the previous peak having been in 1929, when 595 wells were com- 
pleted. From the present plans it appears that a new record will be made 
in 1938. Of the 512 wells completed in 1937, Dutch Shell completed 217; 


TABLE 6.—Summary of Drilling Operations Ending Jan. 1, 1938, 


Average 
Depth 
of Hole 
Drilled 

to Date, 


2,360 


2,475 
3,100 and 
3,780 
3,750 
1,000 
3,500 
1,600 
1,310 
1,718 
2,310 
1,630 
4,020 
1,300 


2,360 
2,750 
1,625 
3,385 


5,830 


Active Drilling 
Operations End 
Jan. 1, 1938 


14 
25 


Venezuela 
— eS a eee 
Oil Wells Drilled 
hes Prior jose cb During 1937 bee 
Fields rosa Producers Total 
Pro- | Dry or | Pro- | Dry or 
ducers | Junked | ducers | Junked 

Ambrosio.......... 
La Rosatscee aes 28,070} 1,078 21 66 69 1,165 
Punta Benitez...... 
ia Juanes cee 7,210 241 
Lagunillas!......... 40,865) > 986 10 105 1 \ 21 1,343 
Mene Grande...... 5,980} 290 16 17 14 323 
El Mene........... 850} 227 58 121 285 
Media #s.net ee 55 18 13 3 3 13 37 
Hombre Pintado. . 150 4 if 1 6 
La! Pas tats kne 255 31 4 2 35 
Concepcion........ 910} 101 1 1 102 
Rio Tarra.......... 985 67 13 2 10 82 
Rio de Oro......... 400 2 2 4 
Los Manueles...... 255 13 2 1 2 16 
Guanoco........... 150 15 9 10 24 
Mene de Acosta. 75 40 41 67 81 
Fotumo st o-cn.. 300 10 2 2 12 
Las Palmas........ 50 7 6 5 13 
Cumarebo......... 470 78 13 128 15 103 
Quiriquire......... 10,250} 169 ll 58 13 238 
Urumaco.......... 100 4 2 3 6 
Netigk 2 .:tieekiovts 2 2 
Pedernales......... 130 4 4 6 2 14 
Orooual............ 975 1 3 4 4 

Lotal erste ore 98,485] 3,147 | 2382 512 4 374 3,895 


33 5 1 


1 Includes Bachaquero: 4750. 
2 As at Jan. 1, 1937, 

3 Also one gas well drilled, 

4 Sibucara. 

5 Includes one deepening job. 


L.P.C., 125; M.G.O., 90; 8.0.V. 76 and B.C.O., 4. No wells were com- 
pleted during 1937 in Ambrosio, El Mene, La Paz, Concepcion, Rio De 
Oro, Totumo, Las Palmas, Pedernales, Orocual, Urumaco, Guanoco, El 
Mene de Acosta and Netick. Plans call for extensive drilling operation 
due south from Lagunillas in 1938, in the Bachaquero and Pueblo Viejo 
areas as well as in eastern Venezuela. Table 6 shows the summary 


a 
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of drilling operations for the year 1937 and as of Jan. 1, 1938, by fields in 
all detail. It should be noted from this table that the new field of Tia 
Juana was the most active and 241 wells were completed in that field 
during 1937. Table 6 also shows the proven area of all the oil fields, 
which now reaches 98,485 acres. In connection with the average depths, 
Table 6 shows two figures for Lagunillas field, the first representing the 
average for the north part of the field and the second for the south part, 
wells drilled in the north part being much shallower than in the south half. 
This table also shows that at the end of the year 33 strings of tools were at 
work in the proven oil fields; five strings in exploration work and one in 
drilling a gas well. 


EXPoRTS 


Shipments of crude oil from all Venezuelan fields reached another 
record total of 171,217,920 bbl., exceeding the preceding record set in 
1936 by some 22,000,000 bbl. Analyzing the year’s total exports by 
months, the highest exports occurred in September, when 16,429,986 bbl. 
were exported, while the smallest export month was January 1937, with a 
total of but 8,279,995 bbl. The latter, however, was caused principally 
by the oil-field strike in which some of the tanker fleets joined through 
sympathy with the oil-field workers. Table 7 shows the exports from 
Venezuela by fields, by companies and by months, indicating that Lagunil- 
las field is the leading source of exports, having contributed 47.5 per cent 
of exports during 1937, as compared with 57 per cent in the preceding 
year, this decline being due to the prolific production developed in the new 
Tia Juana field. This latter contributed 14.5 per cent of the total in 
1937. The total accumulated crude-oil exports from Venezuela, for the 
period 1917 to 1937 inclusive, amounted to 1,407,719,981 bbl., as shown 
on Table 8, which further breaks the exports by years, by fields, from the 
inception of production in each field. 


LAKE TRANSPORTATION IN VENEZUELA 


Table 9 shows the capacity of the tanker fleets operating in the 
Maracaibo Lake Basin district by the three companies interested: the 
Royal Dutch Shell group; the Lago Petroleum Corporation and the Mene 
Grande Oil Co., C.A. (Gulf). This table gives the name of each tanker, 
its capacity, based on crude cargos at draft 12 ft. 6 in., average trips per 


~ month and the carrying capacity by month and for the entire year, the 


latter figures being based upon the average number of trips that can be 
made by each vessel under normal conditions. The total annual carrying 
capacity of the three fleets, 176,909,800 bbl., is an increase of 
13,000,000 bbl. over the 1936 capacity, there having been a number of new 
tankers added in 1937. As compared with the total carrying capacity, 
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143,551,061 bbl. were actually moved from Lake Maracaibo during 1937 
while 124,848,766 bbl. were transported in 1936. 

The Dutch Shell group increased its Lake Maracaibo fleet by three 
tankers during 1937, and plans provide that four new tankers will be 
added to this fleet in 1938. The Lago Petroleum Corporation increased 


TABLE 9.—Lake Transportation, Venezuela, January 1, 1938 


Amount Carried, Bbl. 
No. Name of Tanker Capasity, Trips 
Monthly Yearly 
| DourcH SHELL Group 

Hem BS Cle x Stee eee bey ober sce see asietns a, Matis’ oh acsee cals, enscaue 18,500 10 185,000 2,220,000 
IA LLOI ACE TA ele si cdeyetle iniccs cto ta BS acs alae A _ 18,500 10 185,000 2,220,000 
SSUES CLUS Sema orc ctaie ceates erst ye ik whirat rs eh Scat S 18,500 | 10 185,000 2,220,000 
f MEST UO Gernot ca fed in, ecnouset tS Sos Sissons Gees oes 18,500 10 185,000 2,220,000 
3 15) || (ORSBKGTIS, 42s ee & acter ce cae ee ee 18,500 10 185,000 2,220,000 
4 G3 sl) (GEAR FNraTo Ba eee ee ict aariery Ar eS se a 18,500 10 185,000 2,220,000 
Bs, MIG Te DEG Ben ert t. ee mares bccn dim hia ayseen ie Sua e Sp Rete 18,500 10 185,000 2,220,000 
BELO ONCHICACETT Ie aa ce vegies te oka 18,500 10 185,000 2,220,000 
= WOM EST Aeea tame Checea ele slici che, sas cig @ Rew fallo, ol &, <a e 18,500 10 185,000 2,220,000 
MILO MC eRe ax trai cs moon fale: oy cor euuunvent ec onGis otanaiecene 18,500 10 185,000 2,220,000 
: Maat NRL LD oeAiet esa carats eras et eNa) siete wi te sneer zeta sus, Siw, eee 18,500 10 185,000 2,220,000 
é- OME Uliccue ets ie tet ee eat, 18,500 10 185,000 2,220,000 
~ FA LEU i ee es ge ae 18,500 10 185,000 2,220,000 
g ‘We |) ARTILADOETY he ce oe cae Ree ee 18,500 10 185,000 2,220,000 
E MM PLGA CTA Mrs aotime ers csteceteris alse als 5 6 -0r 5. apa, bike, 4car 18,500 10 185,000 2,220,000 
" eileen ete ti wie: yea tee ala ib beds a lc ws wat 18,500 10 185,000 2,220,000 
ic IAEA RCL Geb ees Uae issue pe eae rac) slsiviomavas aies.ce ona e. fap w 18,500 10 185,000 2,220,000 
a Te SUR Ri oo a ee ee A 18,500 10 185,000 2,220,000 
z Ga MEDI IRG Leet tet ots tro sseeeuenel x Sap ie sl shee, oaaites! =. ale 18,500 10 185,000 2,220,000 
HTML AD UELTUN CR Re eects cee oncncet aah ea kse. ep vein sc 18,500 10 185,000 2,220,000 
SN ACTER york CT cee ne ee 18,500 10 185,000 2,220,000 
SOMBINL AT ULC a meer renee atts es cee tus, Gumtree cake one 18,500 10 185,000 2,220,000 
Pr OMIPIVLae CEE ee pre seeders, wren tecte ersust vara imweieke tus, Re 18,500 10 185,000 2,220,000 
= DN LI rb Fe eee ae CPOE cee. CONE ac? NO CR o en pene RE 18,500 10 185,000 2,220,000 
be POMPE AEUGG 2 nasistheoees cisa Sibi tele ges la Mics ae es i 18,500 10 185,000 2,220,000 
e Siar || Es Ao ret bse R ey we Oe Oe OUD Oren man Cite he ae 18,500 10 185,000 2,220,000 
2 PMP SUSAI AS PeeR ith Clete bat SL een Kegosoe cutie 18,500 10 185,000 2,220,000 
¥ OMIM UUITTUA tein ft cuss o CarpetaPey A manie oerets ele er eipince 14,500 10 145,000 1,740,000 
§ SUG) (TREC oR SN SIRO: BI RSS RN ae ORCC 24,000 10 240,000 2,880,000 
e 5 OIE G alte cleat oat eka leditites: oats, aiciederene Seve ailleurs 4 24,000 10 240,000 2,880,000 
SS MUM SUSTNOOTEEY ox w: 2. eee fe leisy api tocnu suena da etetalsl es 24,000 10 . 240,000 2,880,000 
2k | CCH en pa DOA oi eae Wen ea a er 24,000 10 240,000 2,880,000 
SOMMROSAUT mer, AUPE ater isdn: ic a ieuetramneneds 24,000 10 240,000 2,880,000 
A MIMEUMUE so ot) s, stemsten meta atevsittie Meni ae amis 24,000 10 240,000 2,880,000 
BUS IN 2Xaye eR cus Getcha Bice tae ater Rou REMC rare 24,000 10 240,000 2,880,000 
: MN Coteus rae resice We tere een tw trend a talendres tela oateie aie 682,000 350 6,820,000 81,840,000 

, AREND PETROLEUM MAAaTscHAPPIJs 
Ci. STANGER HO, ole oraleiaic ecagnond otter ite DCO r Cm RRS 18,500 11 203,500 2,442,000 
Sirf ethan OQ bible FCome a Se Bate fis esteem a craic Sucre cncncaeND 18,500 11 203,500 2,442,000 
VE ORH pee rarer aiie iain ereleksisnede lng ry: 37,000 22 407,000 2,884,000 
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its fleet by three tankers during 1937 and five additional tankers will be 
added in 19388. Mene Grande Oil Co. made no additions to its fleet in 
1937, and sold one tanker to the Lago Petroleum Corporation. 


TABLE 9.—(Continued) 


Amount Carried, Bbl. 


No. Name of Tanker Capacity, Trips 
: Monthly Yearly 
Laco PETROLEUM CORPORATION 

L- Ambrosio: toaster etal fake aera eee 16,700 1l 183,700 2,204,400 
2) | PATLGLITO Shay setae abet ote tackakor <html cetera 24,000 11 264,000 3,168,000 
BS ) FLOOD OER ET. oe. c.ctehle BA tors 5 seo oe ee oe 18,000 1l 198,000 2,376,000 
A. | Leotedcrrsisn, ska rsenel iene tehs aireee hoya ne acer etne 16,700 11 183,700 2,204,400 
Bh SW VOLCRlO Fs os: lene. aithe oue-cdscdeatdausine Ss eos ~ 16,700 11 183,700 2,204,400 
Gi Iniverlagolyacc contac «crcicle, otatiieceVeuiots Grb.ets i anus 16,700 11 183,700 2,204,400 
1, | CM WOLTOBa sane oc, selavs a as aratieanitae ae ecausteteuele 16,700 11 183,700 2,204,400 
Sop DV err baeic piugtis asus heat More itcr stele erste 16,700 11 183,700 2,204,400 
ON Era eum lla Senses ces asa cokers fe ey real ar mete cosets Uo 16,700 11 183,700 2,204,400 
10) } oa Salina t4 orc. areak o acteeaecsielc co tiea.a eee 16,700 11 183,700 2,204,400 
DL UME RES GAY Seickitese nic, cacnietceyeterctateters Clave teas Renate 24,500 ll 269,500 3,234,000 
12 [Oranjestad .atccs . caccae oa sla enee a ake Paes 16,700 11 183,700 2,204,400 
13)) BADAHOba yk nileseu-aianireeete care stake oe Sea oeees 16,700 7% 183,700 2,204,400 
Le") SansOarlops suas eis oe Sena orien 16,700 11 183,700 2,204,400 
LS) | Bane NiColag.ceiisccn «(> sreleinrsiaie/ele armies 16,700 1l 183,700 2,204,400 
LGW Puntar Gorday mic. kernels omic ae Re eee 18,000 ll 198,000 2,376,000 
07 Oh ANTI Sige hai sewis/a Peper PRE Ite 21,000 11 231,000 2,772,000 
18 | Tamare..... Rb psc ghee sumer baa Seca als Cee meets 21,500 11 236,500 2,838,000 
DOU; Mash, PUD Oh ee cfeeecectva ca «aie ete oes Diet en 18,000 11 198,000 2,376,000 
QO Ciba sat ones entiicuzre Mecesyacatske eke reer ete elas ate ene 21,500 11 236,500 2,838,000 
2A AMAT OUR ces atc dices tae ace eR ein dene 18,000 ll 198,000 2,376,000 
Ae at CUINATEDO for -/tic, teh eis aa en ee 18,000 11 198,000 2,376,000 
238, | MBACOAQUOLOs, . n.c.c-vinie ote deasmaee Oa Reon oF 24,500 11 269,500 3,234,000 
O40) PATS PUGR GS, ote. cera diatarter Satara att eed 14,500 11 159,500 1,914,000 
Dl WIR Obi thesa.clsah ad ten? aera elle catinl doe came oat 24,500 11 269,500 3,234,000 
PL OUAL SN . Sitak nace Races Secu eee A rei eis 466,000 275 5,130,400 61,564,800 

MerneE GRANDE Or Company C.A. 
LS MALALU TOD Oss, cme: ie thc BOE aa lace tst Res 21,000 ll 231,000 2,772,000 
DOV CATON 5s. ch sesee a homeen ca mare ete cori hui 21,000 11 231,000 2,772,000 
SEPM DUEG Vics. ea cet td Medalotcce’ w vltin- aaah catia ee neeae 21,000 11 231,000 2,772,000 
ARPA GOB A tire et hetoh ns a skate arnt ass Meas 17,500 11 192,500 2,310,000 
SAVALAR UBL itso eie sai «ckesa. cay crater eo 17,500 11 192,500 2,310,000 
OES OLIVE & fs fiusty teckel erove is athe ra hs cP 17,500 11 192,500 2,310,000 
To MONA EAR hot thateo Ring ceatorck cohen a G 17,500 11 192,500 2,310,000 
Sih Baeesad on tis seein dancin eae mne aces 17,500 11 192,500 2,310,000 
DAR 181 t Vacy prere AACIE NC, ERA OE STi RE On tench hs oe 17,500 11 192,500 2,310,000 
LO: BUGlOr teenie Coie aan Hares eee he 17,500 1l 192,500 2,310,000 
Does AECL BD OUR ache acetace ples a ca esat cas OM Me ha RTI 17,500 11 192,500 2,310,000 
RD] LGR! Dik enccrteaereyp ste tenh g ferck Pom LO area an 14,500 ll 159,500 1,914,000 
EGY 1) oN WrelsGrr cine a diciaites Marat trina ioe pnaaiac as 14,500 ll 159,500 1,914,000 
TOUAL-. Sid su teehee moatoa PicaPecanstbahooe ate tee ne 232,000 143 2,552,000 30,624,000 
Grand total arecslscuatir Cavern eer 176,909,800 
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TANK STORAGE 


Table 10 shows the storage-tank facilities available in Venezuela by 
companies, the grand total being 16,071,550 bbl. in 404 tanks, and also 
gives the amount of crude oil in storage as of Jan. 1, 1938, which amounted 
to 10,682,453 bbl. During 1937 approximately 600,000 bbl. of additional 
storage capacity was erected. 


Fietp DEVELOPMENTS 


As a result of 1937 developments, two new fields were added in Venez- 
uela, the Tia Juana in Lake Maracaibo district and the Coturra in north- 
eastern Venezuela. The following brief summary gives the developments 
in all Venezuela fields during 1937: 


Producing Oil Fields 


The active producing fields were as follows, reading from west to east: 

1. La Concepcion (Shell), in the District of Maracaibo, State of Zulia. 
No drilling is being done at present. Production in 1937 was 992,- 
726 barrels. 

2. La Paz (Shell), 30 km. northwest of Concepcion. No drilling was 
done in 1937. Production was 341,194 barrels. 

3. Tarra (Shell), in the District of Colon, State of Zulia. ‘Two strings 
are in operation. Production in 1937 was 2,854,377 barrels. 

4. Los Manueles (Shell), 25 km. north of the Tarra field. One string 
is in operation. Production in 1937 was 1,005,785 barrels. 

5. Ambrosio, La Rosa and Punta Benitez (known as the La Rosa area), 
on the eastern side of Lake Maracaibo, in the District of Bolivar, State of 
Zulia, are operated by the three major companies, Shell (all concessions 
on the land), Gulf, operating a kilometer strip running alongside the coast 
in the Lake;* and Lago, owning and operating all other concessions in the 
Lake. Offset drilling was carried out throughout 1937 by these three 
companies. Total production in 1937 was 24,915,974 bbl., of which 
Shell produced 8,445,279, Lago produced 12,088,199 and Gulf, 4,382,- 
496 barrels. 

6. Tia Juana, a new field, south of Punta Benitez and north of Lagu- 
nillas. The same ownership conditions exist here as in the La Rosa 
area. Development of this field was started early in 1937 and during the 
year the three companies had an average of five strings each actively 
engaged in an offset drilling campaign. Production in 1937 was 26,699,- 
154 bbl. (all new production), of which Shell produced 11,087,151 bbl., 
Lago 8,114,116 and Gulf, 7,497,887 barrels. 

* Most of the parcels in the kilometer strip referred to are Creole parcels operated 


by the Gulf (operating under the name of the Mene Grande Oil Company, C.A.), the 
Creole (now Standard Oil Company of Venezuela) receiving royalty oil from 


these parcels. 
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7. Lagunillas, south of Tia Juana field and probably an extension. — 


The same ownership conditions existing as in the La Rosa and Tia Juana 
areas. Offset drilling by all three companies was carried out in 1937. 
Production in 1937 was 85,024,111 bbl., of which Shell produced 30,769,- 
948 bbl., Lago produced 40,036,968 and Gulf, 14,217,195. It is interest- 
ing to note that the Lagunillas field was responsible for almost half 
of the entire production of Venezuela in 1937, the latter figure being 
186,646,581 barrels. 

8. Bachaquero, some 20 km. south of the Lagunillas field, is a new field, 
where the Shell put on one string in July and is now drilling its sixth well 
and the Lago put on one string late in December. The Gulf has not, as 
yet, indicated whether it will commence drilling in this area. This field 
is not yet on a producing basis. 

9. Mene Grande (Shell), 17 km. inland from the lake shore, due east of 
the San Lorenzo refinery of the same company. This field is owned and 
operated by the Caribbean Petroleum Co. (Shell), no offset situation 


existing. A seven-string program is in operation in this field, five strings — 
engaged in new drilling and two on workover and repair jobs. Produc- — 


tion for 1937 was 14,264,442 barrels. 


10. El Mene (BritishControlled Oilfields, Ltd.), 54 km. inland due east — 


of Altagracia, in the District of Buchivacoa, State of Falcon, where a deep — 


test is now drilling, prior to which drilling operations were suspended 
indefinitely several years ago. Production in 1937 was 539,322 barrels. 

11. Media (B.C.O.), 12 km. north and slightly east of the El Mene 
field. Owned and operated by the B.C.O Two strings were in opera- 
tion during the first nine months of 1937, after which they were 
transferred to the Hombre Pintado field. Production in 1937 was 161,- 
161 barrels. 

12. Hombre Pintado (Central Area Exploration (Venezuela) Ltd.), 
operated by the British Controlled Oilfields, Ltd. About 18 km. north- 
east of the El Mene field. Drilling operations in this field were suspended 
indefinitely in 1930 but in July 1937 one string was transferred from the 
Media field and a second one moved in toward the end of the year. New 
wells completed by the end of 1937 were closed in, awaiting transportation 
facilities. Production for 1937 was 37,256 barrels. 

13. Cumarebo (Standard Oil Co. of Venezuela), in the District of 
Zamora, State of Falcon, owned and operated by the Standard Oil 
Company of Venezuela, the North Venezuelan Petroleum Co., Ltd. hav- 
ing a working interest and sharing production on a basis of 26.875 per cent 
royalty, chiefly in oil. One string has been operating in this field during 
the past year. Production for 1937 was 2,573,712 barrels. 

14. Hl Mene de Acosta (Tocuyo Oilfields of Venezuela, Ltd.), in the 
District of Acosta, State of Falcon, the field being operated by the Tocuyo 
and owner being North Venezuela Petroleum Co., Ltd. Drilling was 


a 


ren we 
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suspended a number of years ago. This field was closed in as a producing 
field in September 1937, the production equipment being withdrawn 
and the wells capped. Up to this time, the field was producing only 
800 bbl. monthly from six pumping wells. Production for 1937 was 
7335 barrels. 

15. Quiriquire (Standard Oil Company of Venezuela), in the District 
of Piar, State of Monagas, Eastern Venezuela, owned and operated by the 
S.0.V. An average of five drilling strings was in operation during 
1937; at the end of the year there were three strings actually in operation. 
The practice of drilling “twin wells,” i.e., skidding the rig over from 
one well and drilling a hole alongside, producing it from either the upper 
or lower sand, depending from which sand the original hole is producing, 
was continued in 1937, a total of 24 sets of ‘‘twin wells” having been 
drilled to Dec. 31, 1937. A few individual wells for which no twin wells 
have been drilled were also completed during the year. Production for 
1937 was 25,877,944 barrels. 

16. Pedernales, in the District of Pedernales, Delta Amacuro, operated 
by the Standard Oil Company of Venezuela and in which the Venezuelan 
Seaboard has some interest, was named after the first few wells drilled 
there but later additional wells were given different names; i.e., 
‘Amacuro” and “‘Cotorra,” for bookkeeping purposes, in connection 
with royalties. The ‘‘Amacuro”’ wells have averaged 400 to 500 bbl. 
daily initial production while the “‘Cotorra” wells have been completed 
for as much as 2000 bbl. daily initial production. Production for 1937 
was 1,354,487 barrels. 


Inactive Fields and Wells 


1. Amana (Gulf), in the District of Mara, State of Zulia, where drill- 
ing was suspended many years ago. It is reported to have a closed-in 
production of 400 bbl. daily but, since no production facilities are avail- 
able, the field is classified as inactive. 

2. Netick (Orinoco Oil Co., subsidiary of the Pure Oil Co.), in the 
District of Mara, State of Zulia, where three wells were drilled, the last of 
which (Netick No. 2) made 500 bbl. daily, but as there is no outlet for the 
oil the field has been closed in since 1932, no further drilling having 
been done. 

. 3. Totumo (Standard Oil Company of Venezuela), on the western 
side of Lake Maracaibo, in the District of Perija, State of Zulia. The field 
was discovered originally by the Caribbean Petroleum Co. in 1915, when 
the discovery well was drilled and later turned over to the 8.0.V. (then 
Creole). Before operations were suspended indefinitely, 12 wells were 
drilled. Production up to December 1931 averaged 26,000 bbl. annually, 
this either being consumed locally as fuel for drilling other wells in the 
field or sold to companies drilling wildcats in the vicinity. Since 1931 
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the field has been closed in and most of the equipment withdrawn. It is 
doubtful whether it will ever be opened again. 

4. Cacuz well (Société Frangaise de Recherches au Venezuela), in 
the District of Urdaneta, State of Zulia, completed in 1930 for 30 bbl. 
daily. The well was closed in because no facilities for producing it are 
available and no market for the oil could be found. 

5. Rio de Oro field (Shell), west of the Colombian border on the south- 
west. side of Lake Maracaibo, in the District of Colon, State of Zulia, 
operated by the Colon Development Co., Ltd. (Shell). The field is 
on the north side of the River Rio de Oro, at a distance of about 300 km. 
southwest of the City of Maracaibo and about 70 km. northwest of the 
Tarra field, of the same company. Four wells were drilled, two of which 
were small producers and two dry holes. The field has been shut in for 
several years, but the wells have been opened once or twice to furnish 
fuel for drilling wildcats in the vicinity, particularly recently, when the 
Colombian Petroleum Co. (Texas-Socony) started wildcatting in the Rio 
de Oro area on the other side of the river, in Colombia. 

6. Misoa field (C.P.C. and L.P.C.). The Carribean (Shell) drilled 
its discovery well in 1918 and the L.P.C. its wellin 1921. The maximum 
production obtained from this field was in 1922, when 11,388 bbl. was 
produced during the year. However, this oil was not used commercially 
and the field has remained closed in since that date, one well being opened 
once a year for a few hours, in conformity with the law. 

7. Pauji field (New England Oil Corporation), in the District of 
Betijoque, State of Trujillo, where four wells were drilled from 1921 to 
1926. <A little production was obtained but the wells were considered 
commercial failures and the field was abandoned early in 1927. 

8. Guanoco field (New York & Bermudez Co., subsidiary of the 
General Asphalt of Philadelphia), in the District of Benitez, State of 
Sucre, about 30 to 35 km. from the mouth of Cano Guanoco, in the 
Gulf of Paria, eastern Venezuela. The discovery well was drilled in 1913 
to a depth of 615 ft., the oil being of a heavy asphaltic base, 
about 10.9° A.P.I. gravity. A total of 24 wells was drilled in this field, 
14 being producers and 10 dry holes. The field was produced until 
1932, when it was closed in. 


Important Wildcat Wells 


1. Standard Oil Co. of Venezuela.—a. La Canoa Nos. 1 and 2, near the 
boundary of District of Independencia, State of Anzoategui, No. 1, was 
spudded in in October 1935 and temporarily shut down in March 1936. 
However, although no official reports have been received to this effect, we 
understand that the well has since been completed at a depth of 3855 ft. 
and is considered by the 8.0.V. as a “‘closed-in producer,” no details being 
available. No. 2 was spudded in in August 1936, but plugged and aban- 
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doned at the end of January 1937 as a dry hole, at a total depth of 4618 ft., 
plugged back to 4450 feet. 

6. Maturin Nos. 2, 3 and 4. These wells fall in the pooled area of 
the Compafiia Espanola de Petroleo—Lago—S.0.V., being north of the 
Maturin village, in the District of Maturin, State of Monagas. These 
wells were drilled by the 8.0.V. for the Spanish company, the L.P.C. 
also participating in the deal. Maturin No. 2 was drilled exclusively for 
the purpose of killing Maturin No. 1, which blew out, caught fire and 
cratered, making it impossible to get in to plug off the gas. No. 2 was 
drilled to 954 ft. early in 1937, and after serving the purpose for which it 
was drilled was plugged and abandoned. No. 3 well, north of No. 1, was 
spudded in in September 1936, and after reaching 4600 ft. was tested in 
the interval 4531 to 4556 ft., as the Schlumberger survey was reported to 
have indicated oil shows at this depth. However, the test showed only 
32 stands (drill pipe) of muddy water, no other shows were encountered, 
and the well was plugged and abandoned at 8465 ft. as a dry hole. The 
fourth and, we understand, the last well to be drilled in this area under the 
present agreement, was No. 4, spudded in in November 1937, which at 
the end of the year was drilling at 2370 ft., no oil shows having been 
encountered up to this depth. Subsequently the well was carried to 
4850 ft. without any favorable showings, and is to be abandoned. 

c. Terreno Seco No. 1. This well is also in the pooled area of the 
C.E.P.S.A.—L.P.C.—S.O.V., on the same basis as the Maturin wells, and 
is 38 km. northeast of these wells, in the Cano La Viuda. It was spudded 
in in October 1936, and after reaching a total depth of 8583 ft. in Novem- 
ber 1937, it was plugged and abandoned as a dry hole. 

d. San Juan No. 3, about 30 km. northeast of the Quiriquire field and 
3 km. southeast of San Juan No. 1, was spudded in in January 1937, and 
in May of the same year drilling was temporarily suspended at depth of 
4080 ft., because of corrosion of the boilers from the use of salt water, the 
river having dried up. New boilers were put in but the same trouble 
developed. Later in the year, after the hole reached a depth of 6085 ft., 
it was plugged and abandoned as a dry hole. 

e. Yabo Nos. 1, 2 and 3. These are S.0.V. wells in the Temblador 
area, in the District of Maturin, State of Monagas. Yabo No. 1 was 
spudded in in February 1937 and completed in April at a final depth of 
3994 ft., making 575 bbl. daily initial production of 20.2° A.P.I. gravity. 
The well was afterwards closed in. Yabo No. 2 was spudded in in June 
1937 and completed early in September, at a total depth of 3889 ft., 
plugged back to 3715 ft. No details of the test made at this well are 
available but it is understood to be shown by the 8.0.V. as a ‘“‘closed-in 
producer.” The third well, Yabo No. 3, was spudded in in October 1937, 
and after drilling to 9334 ft. was plugged back to 3834 ft. and tested. 
Found to be a dry hole, it was plugged and abandoned. 
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2. Pantepec Oil Co. of Venezuela—In March, 1934, a contract was 
made by the Pantepec Oil Company of Venezuela for the development of 
oil concessions in eastern Venezuela belonging to the Pantepec Oil Fields 
Corporation, Alamo Oil Corporation, Venezuelan Pantepec Co. 
and the American Venezuelan Oilfields, these companies being 100 per 
cent subsidiaries of the Pantepec Consolidated of Venezuela, Inc., 90.3 per 
cent of whose stock is owned by the Pantepec Oil Company of Venezuela. 
The properties involved in this contract with the Standard have an area of 
approximately 1,000,000 acres; the National Reserves of El Salto, 
Tabasco and other concessions have been acquired by the 8.0.V. for the 
joint account of this company and Pantepec and, under the drilling con- 
tract, the Standard must complete six wells on Pantepec concessions on or 
before June 29, 1938, either to terminate this agreement and re-transfer 
all concessions to Pantepec, or to become a permanent partner in these 
concessions with Pantepec. If the latter happens, Standard may elect 
either to drill at its own expense 14 additional wells and receive a 50 per 
cent interest in the concessions and oil discovered thereon, or drill 34 addi- 
tional wells and receive a 66.6 per cent interest. 

The Standard has drilled four wells and is now drilling a fifth one on 
Standard-Pantepec contract. The first, on the Lirial property (El Lirial 
No. 1), northern Monagas, was a dry hole. The second and third wells 
were drilled on El Salto concessions (El Salto Nos. 1 and 2 wells) about 
70 miles due east of Oficina No. 1 well (Gulf) and about 75 miles almost 
due south of the Quiriquire field. Both of these wells have been classified 
by the S.O.V. as ‘‘closed-in producers,” although details of tests are not 
available. 

The fourth well (Tabasco No. 1) was drilled on concessions of about 
25,000 acres known as Tabasco, about 40 miles east of the El Salto prop- 
erty. Tabasco No. 1 was spudded in in May 1937; a test run showed 
production of between 400 and 500 bbl. daily, of 14.6° A.P.I. gravity oil 
through }4-in. choke, and it is estimated that if the well were allowed to 
flow through the customary 2-in. tubing it would produce more than 
6000 bbl. daily. 

The fifth well is on El Roble concessions in northern Anzoategui, 
about 12 miles to the west of the projected pipe line from Oficina No. 2 
(Gulf) to the northeast coast (Guanta). This well (El Roble No. 1) is 
about 15 miles due northeast of the Gulf’s Santa Ana No. 1, which has 
been reported as capable of producing about 650 bbl. daily of 48° A.P.I. 
oil. El Roble No. 1 was coring at 6103 ft. at the end of the year. Itis 
understood that at 3680 ft. in this well a slight show of oil was observed 
in the gas in the mud ditch. 

The location for the sixth well has not as yet been made. 

3. Lago Petroleum Corporation.—a. Temblador wells. Eleven wells on 
Lago concessions in the Temblador area were spudded in in 1937, being 
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drilled by the §.0.V., in the District of Sotillo, State of Monagas. This 
area was developed during 1937 and, while not shown on the tables as a 
shipping field, is actually on a producing basis, and facilities are now being 
completed at Boca de Uracoa for the shipping of this oil. 

Of the 11 wells spudded in this area, 3 have been completed as pro- 
ducers, averaging 700 bbl. daily of 20.0° A.P.I. gravity; 3 wells were 
abandoned, of which number two were dry holes and the third (No. 6) was 
abandoned on account of mechanical difficulties; 5 wells were still drilling 
at the end of the year, including an offset well to No. 6 (No. 6a) where 
the rig was skidded off No. 6 and a new hole is to be drilled alongside. 

b. El Pilon No. 2. This is an L.P.C. well drilled by the S.0.V. and is 
also in the Temblador area, in parcel Lago Lot No. 45, to the south of the 
Temblador wells and due east of Lapa No. 1 well (Gulf). El Pilon No. 2 
was spudded in in February and completed in April at 3641 ft. While 
no details of tests made are available, it is understood that this well 
is classified by the 8.0.V. as a “‘closed-in producer.” El Pilon No. 1, 
which was completed in October of the previous year, is also classified as a 
““closed-in producer.” 

4. Mene Grande Oil Co. C.A. (Gulf).—a. Santa Ana Nos. 1 and 2. 
No. 1 well, which is in the District of Aragua, State of Anzoategui, 45 km. 
southwest of Santa Rosa No. 1 (Gulf), was spudded in February 1936, and 
after reaching a depth of 6100 ft. was tested with reported negative results. 
Upon reaching a depth of 6207 ft. in October 1936, operations were sus- 
pended on this well and it remained ‘‘standing, incomplete” from that 
date until the present time. A second well was rigging up at the end of 
the year, this being east and slightly north of No. 1. This well (Santa 
Ana No. 2) is scheduled to be spudded in early in 1938. 

b. Merey Nos. 1 and 2. These two wells were drilled by the Gulf 
in the District of Freites, State of Anzoategui. No. 1 was originally 
spudded in 1934 and operations were suspended in September of the same 
year. In November 1936, operations were resumed at this well and in 
April 1937 the well was completed at a depth of 5855 ft., plugged back to 
5683 ft. and is reported to be good for about 1000 bbl. daily. This well is 
31 km. east and slightly south of El Tigre No. 1 (Gulf). A second well 
was spudded in in October 1937 (Merey No. 2), almost due west of No. 1, 
and at the end of the year this well was still drilling. 

.c. Aero'No. 1. This well, near the Merey wells, was spudded in by 
the Gulf in January 1934, and was suspended at 4477 ft. in March of the 
same year. Operations were resumed on this well early in 1937 and it was 
completed on March 18 of that year, at a total depth of 4477 ft., produc- 
tion being obtained. No details of this have been available. 

d. Uracoa No. 1. This is a Gulf well: drilled by the 8.0.V. for the 
former’s account, being in Concession V-394-7 in the District of Sotillo, 
State of Monagas, east of the Temblador wells and northeast of Tabasco 
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No. 1 well. It was spudded in in May 1937, and completed at a total 
depth of 5061 ft., plugged back to 4303 ft. While no details are available, 
it is understood that this well was completed as a producer and is at 
present closed in. 

e. El Tigre Nos. 1 and 2. These two Gulf wells were drilled by the 
company itself, El Tigre No. 1 in Lot V-121 in the District of Freites, 
Anzoategui, spudded in in June 1936. In May 1937, after reaching a 
depth of 6425 ft., it was plugged and abandoned asa dry hole. El Tigre 
No. 2, northwest of No. 1, was spudded in in June 1937, and at the end of 
the year it was still drilling. The latter well is in Parcel V-121-12. 

f. Oficina Nos. 1, 2 and 3. These wells are owned and were drilled 
by the Gulf, in the District of Freites, State of Anzoategui. No. 1 was 
spudded in in February 1933 and was left standing ‘“‘incomplete”’ at a 
depth of 6184 ft. when operations were suspended at the end of that year. 
Early in 1937, operations were resumed at this well and in May the well 
was completed as a producer at a final depth of 6184 ft., plugged back to 
5995 ft., reported to have made some 2400 bbl. daily during a test. It is 
at present closed in. Oficina No. 2 was spudded in in February 1934, 
4 km. north of No.1. Operations were also suspended on this well at the 
end of 1934, when the well stood as an ‘‘incomplete test”’ at a depth of 
6700 ft. Operations were resumed in 1937 and on Sept. 15, 1937, the well 
was completed as a producer at a depth of 6700 ft., plugged back to 
5660 ft., no details of the test made being available. It is closed in at 
present. A third well was spudded in in November 1937 (Oficina No. 3) 
and it was still drilling at the end of the year east of Nos. 1 and 2. 

g. Lapa No. 1. This is a Gulf well drilled by the S.O.V. for 
the former’s account, in Parcel V-397-6, Lot 10, Municipality Tabsaco, 
District of Sotillo, State of Monagas. It was spudded in in June 1937 
and completed in October of the same year, at 3709 ft., plugged back to 
3425 ft. and is understood to be a producer, at present closed in. | 

h. Hato Nos. 1,2and3. These are Gulf wells, in the Temblador area 
and drilled by the 8.0.V. for the Gulf’s account. No. 1 was spudded in 
in September 1937 and abandoned as a dry hole in December at a depth of 
4903 ft. No. 2 was spudded in in September and completed at the end of 
October 1937, at 3934 ft., plugged back to 3853 ft., making 1500 bbl. daily 
through }4-in. choke of 21.8° A.P.I. gravity crude oil. No.3 was spudded 
in in October 1937, completed in December at 4071 ft., plugged back to 
4000 ft. and made 1000 bbl. daily through 3-in. choke, the gravity of the 
oil being 23.2° A.P.I. These wells are at present closed in. 


REFINERIES 


Caribbean Petroleum Company (Shell).—This company has a refinery 
at San Lorenzo, on the east side of the Lake Maracaibo, 17 km. west of its 
Mene Grande field. The daily capacity of the refinery is 24,000 bbl., 
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although it is being increased to double this figure, to conform with the 
new law whereby companies acquiring new acreage for exploitation of oil 
must, within a certain period, construct a refinery of not less than 
10,000 bbl. daily capacity. While the Caribbean Petroleum Co. has not 
acquired new acreage recently, its associated company, the Venezuelan 
Oil Development Co., has done so, and rather than build a separate 
refinery of 10,000 bbl. minimum daily capacity, the Shell is increasing its 
existing refinery at San Lorenzo. 

There is also a canning plant here with a capacity of five thousand 
5-gal. cans daily, to take care of the sale of light products inside and out- 
side Lake Maracaibo. 

The main refineries of the Shell are outside Venezuela, at Curacao 
(C.P.I.M.) and Aruba (Arend Petroleum Mij). 

Compania Petroleo de Lago.—This company, formerly known as West 
Indian Oil Co., the name being changed when the Standard Oil Company 
of New Jersey acquired the Lago Petroleum Corporation, operates a 
refinery at La Arriega, on the outskirts of the city of Maracaibo. Its 
capacity is about 2400 bbl. daily, the crude coming from the La Rosa and 
Lagunillas fields (L.P.C. and M.G.O.), the latter being royalty oil of the 
$.0.V. Refined products are sold outside Venezuela but fuel for bunkers 
processed in this plant is consumed locally. 

Lago Petroleum Corporation.—This company (also 8.0. Co. of N. J. 
subsidiary), has a small topping plant at La Salina, known as the La Rosa 
area, in the District of Bolivar, Estado Zulia. Its capacity is about 
5000 bbl. daily. Light products refined here are retailed in the Venez- 
uelan markets. 

Mene Grande Oil Co. C.A. (Gulf) —This company owns and operates a 
small topping plant of about 1800 bbl. daily capacity, in the Cabimas field, 
District of Bolivar. Fuel and gasoline are processed in this plant for the 
company’s own consumption. The Gulf has no other refinery in Venez- 
uela, its crude being shipped to the deep sea terminal at Paraguana 
(Venezuela) and from there shipped to its refineries in the United States in 
ocean-going tankers. 

Standard Oil Company of Venezuela.—The 8.0.V. has a large refinery 
at Caripito, State of Monagas, Eastern Venezuela. Its present daily 
capacity is around 5000 bbl. but this is being increased by 15,000 bbl. to a 
total of 20,000; four large crude storage tanks now being erected. This 
increase is being effected for the reason explained under the heading of the 
Caribbean Petroleum Co., the 8.0.V. having acquired considerable new 
acreage in eastern Venezuela during the past few months. There were 
rumors that this company would build a separate refinery on the Isla de 
Margarita to meet this requirement, but finally the company decided to 
increase the capacity of its existing refinery at Caripito. Fuel oil, gasoline 
and other light products are processed at Caripito and, apart from supply- 


728 PETROLEUM DEVELOPMENT IN VENEZUELA DURING 1937 


ing its own requirements, the S.O.V. markets light products in east- 
ern Venezuela. 

Tocuyo Oilfields of Venezuela, Ltd.—This company has a small topping 
plant at El Mene de Acosta where fuel for its own consumption is processed 
and gasoline is manufactured for the retail market in the imme- 
diate vicinity. 


DEEP-WATER TERMINALS 


Shell.—The Shell does not have a deep-water terminal in Venezuela, 
all of its crude oil being shipped out of the lake ports in shallow-draft 
tankers to Curagao and Aruba. At Curacao the Shell has a large refinery 
of 175,000 bbl. daily capacity and at Aruba the Arend has a small refinery 
with a daily capacity of about 25,000 bbl. From these two points, crude 
and light products are shipped in deep-sea tankers to the United 
States and Europe. 

Lago Petroleum Corporation (Standard).—The L.P.C. has no deep-water 
terminal within the country, its oil being shipped out in shallow-draft 
tankers to Aruba, where the company has a large refinery with a capacity 
of over 300,000 bbl. daily, which is being increased. From this island, 
crude and light products are shipped in deep-sea tankers to all parts of 
the world. 

Mene Grande Oil Company, C.A. (Gulf).—This is the only company 
with a deep-water terminal within the country. It is on the Paraguana 
Peninsula, at Las Piedras. Here the Gulf has thirty-seven 80,000-bbl. 
tanks (total capacity 2,960,000 bbl.) This is only a clearing terminal, 
there being no refinery or topping plant. In addition to its own storage, 
the Gulf allows the L.P.C. and §.0.V. to use some of the tanks, allotting 
some four or five of the 37 tanks for this purpose. 

Crude from Las Piedras terminal is shipped in deep-sea tankers of the 
Gulf, L.P.C. and 8.0.V., and customers of the Gulf pick up cargoes of 
crude in their own or chartered deep-sea tankers. 

The Mene Grande Oil Co. C.A. plans to construct a deep-sea terminal 
at Guanta, near Barcelona, District of Bolivar, State of Anzoategui, within 
a month or so, for the new production in eastern Venezuela. Roads have 
been built from the Oficina wells to Guanta and a pipe line is to be laid 
shortly. It is also understood that another pipe line will be laid from 
Quiriquire to Guanta, where oil from the 8.0.V. fields will be piped and 
loaded on deep-sea tankers. 

North Venezuelan Petroleum Co. Ltd.—This company has a deep-water 
loading terminal Chichiriviche, in the State of Falcon, District of Silva. 
It is the clearing terminal for the production of the Tocuyo’s El Mene de 
Acosta field. However, no shipments have been made from this point 
since early 1935 and as the El Mene de Acosta field was shut down in 
September 1937, it is not thought that the Chichiriviche terminal will be 
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used in the near future and it will most likely be closed indefinitely. On 
account of the swampy nature of the land over which the pipe line from 
the field to this terminal is laid, many breaks have occurred and the 
maintenance has been extremely costly. 

Standard Oil Company of Venezuela.—The Standard has four deep- 
water terminals—at Caripito, Pedernales, Guiria and Cumarebo. At 
the Caripito terminal, up the San Juan River although it is called a deep- 
sea terminal, ocean-going tankers can take only part cargoes, topping off 
after they have passed out of the river to the mouth where, formerly, the 
Barge Navahoe (of 92,000 bbl. capacity) was moored. That barge was 
junked early in 1936 and the Guiria terminal was opened. At the latter, 
oil was transferred from Caripito in shallow-draft tankers and the deep- 
sea tankers topped off at Guiria from then on. During periods of rough 
seas, deep-sea tankers have been topping off at the Maturin Bar, where 
the shallow-draft tankers from Caripito moor alongside and pump over 
their cargoes. 

The Pedernales terminal, known as “La Brea Terminal,” is a deep- 
water terminal built especially for shipping oil from the new Amacuro 
and Cotorra wells, known as the Pedernales area, most of the oil going 
to Aruba. 

The Guiria terminal, on the Paria Peninsula, in the District of 
Capacho, State of Sucre, has been a source of grief to the Standard ever 
since it was constructed in 1936. Because of the shallowness of the water 
at this point, the loading lines have had to be laid under water for a 
distance of some two kilometers, and rough seas at certain periods in the 
year cause tankers to be torn from their moorings and the submarine lines 
have been severed repeatedly. Rough seas also cause the movement of 
oil to be very limited, and on more than one occasion it has been rumored 
that the Standard would abandon this terminal. 

The other deep-sea terminal of the Standard is that of Cumarebo, 
actually known as ‘‘Tucupido,”’ about 614 miles from the Cumarebo field, 
on the coast. Oil from the Cumarebo field flows by gravity to this 
terminal, from which deep-sea tankers load for Aruba and other 
points abroad. 


Proposep Pier LINES 


The Mene Grande Oil Co. is preparing to lay a pipe line from the area 
in which its Oficina wells are situated, i.e., the District of Freites, State of 
Anzoategui, northward and slightly to the west through the Districts of 
Libertad and Bolivar to the coast at Guanta, a distance of more than 
400 km. The road has been surveyed and the work of building has 
begun, and it is understood that the pipe line will be laid within the next 
month or so. 
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Another pipe line is under consideration for the wells in the Temblador 
area to a point on the bank of the Orinoco River to the south, at Bar- 
rancas, which lies southwest of the Boca de Uracoa, where the Standard is 
erecting storage capacity for production from the Temblador field. It is 
believed that the Gulf and S.0.V. will participate jointly in the laying of 
the line, it being to their mutual interest. 

Standard Oil Company of Venezuela has proposed the laying of a pipe 
line from Quiriquire to Guanta, connecting with the Gulf’s terminal at the 
latter point, in order to pipe oil from the Caripito terminal direct to this 
deep-sea terminal, so that tankers will not be obliged to take part cargoes 
and top off either at the Maturin Bar or at Guiria. In view of the recent 
contract entered into between the Gulf and the International Petroleum 
Co. (Standard), whereby the latter will take all the surplus oil of the 
Gulf from its Maracaibo Lake Basin ports and also new production from 
eastern Venezuela, it would seem feasible that the S.O.V. would wish to 
make Guanta its principal deep-water terminal in eastern Venezuela. 


Chapter VI. Refining 
Review of Refinery Engineering for 1937 


By Watrer Miiter,* Memsper A.I.M.E. 


ConsTRUcTION of new large refineries was small in 1937, but extensive 
modernization and expansion of existing plants were made, bearing out 
the observation of the Bureau of Mines that the trend is strongly toward 
fewer and larger refineries. Building the first large combination skim- 
ming and cracking unit of 20,000-bbl. capacity was a startling achievement 
four or five years ago, but it has been exceeded many times since, and at 
least four units with a capacity of 30,000 bbl. or more were contracted for 
during 1937, as well as many other units of smaller but still substan- 
tial capacity. 

Installation of polymerization plants for producing high-antiknock 
blending naphthas from refinery gases progressed at an accelerated rate in 
refineries affording sufficient raw gas to make the use of the process 
profitable. The total productive capacity of polymerization units built 
and contracted for in the United States is now about 25,000 bbl., equiva- 
lent to the gasoline production from approximately 55,000 bbl. of crude 
oil a day. 


OcTANE FUELS 


Also utilizing refinery gases—the butylene fractions in particular—the 
plants for manufacture of iso-octane increased in number to such an 
extent that the combined capacities will enable the air forces of the United 
States shortly to go entirely to the use of 100-octane fuel, indications 
being that the Army will reach that position in 1938, with the Navy not 
far behind. Commercial air-lines are expected to take advantage of the 
greater power of high-antiknock fuels to gain the increased power and 
increased pay loads possible with their use. Work done on producing 
fuels with octanes beyond the 100 point has recently been reported, and 
their production can be expected, although at high cost, when the 
economics of the situation justifies and engines capable of utilizing them 
efficiently are available. 

In the field of motor fuels, important work was reported to the A.P.I. 
at its annual meeting, on the effect of altitude on antiknock requirements 
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of cars. This work showed that gasoline for use in high altitudes need not 
carry nearly as high an octane rating as that required at elevations from 
sea level to a few hundred feet above. The conclusion stated was that 
for average cars the decrease in octane requirements to suppress detona- 
tion varied from three octane numbers for the first thousand feet above 
sea level to as high as 7.5 units per 1000 ft. difference at 12,000 ft. above 
sea level. 

General agreement was reached by its licensees with Ethyl Gasoline 
Corporation regarding changes in octane determination methods, first 
broached by the corporation in 1936, as a result of which the L-3 method 
was put into effect as leading to greater and more uniform accuracy. 
The limits were changed from 70 to 72 maximum for nonpremium house- 
brand gasoline, and from 76 to 78 minimum for premium gasoline, these 
changes being made effective on Sept. 1 and Oct. 1, 1937, respectively. 
The change necessitated the use of approximately 1 ¢.c. more ethyl lead in 
house-brand gasolines. It is not thought that this small change will of 
itself materially add incentive to extension of refining methods that 
compete with tetraethyl lead in increasing the octane number. 


REFINERY CAPACITIES 


Demand for refined products forced operations to the all-time high 
figure of 3,450,000 bbl. aday in September. The question of the country’s 
true refinery capacity, which has for years bothered the industry, pro- 
gressed much nearer a solution by action of an A.P.I. committee, which 
collaborated in revising the questionnaire form to be issued by the 
U. 8. Bureau of Mines for its Jan. 1, 1938, capacity survey, and set up 
definitions that should result in accurate figures. Cooperation of refiners 
in reporting the actual capacities of their plants is confidently expected. 

The trend toward a more even distribution of total products is still 
noticeable. Domestic fuel-burner installations continued at a high rate, 
affording a greater rate of increase in furnace-oil use than in gasoline 
consumption. This trend is having the effect of minimizing seasonal 
fluctuations in volume of refinery operations, and holding in check 
and even slightly reducing gasoline recovery from crude oil. 


CRACKING 


Technical advances in cracking were evidenced by greater accuracy in 
design. Maximum capacities of units constructed approached designed 
capacities much more closely than before, resulting in less unpremeditated 
excess capacity. An innovation was the completion of two small cracking 
units, one in Michigan and one in Pennsylvania, following a modified 
design of the True Vapor Phase process unit installed some seven years 
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ago in the Shell Company’s Wood River plant. The cracking patent 
situation was considerably clarified by a new agreement between the 
owners of the largest two licensing groups. Although it is impossible to 
predict whether or not this will have the effect of extending a monopoly 
which in the opinion of many has been overcostly to the refining industry, 
it did result in the immediate dismissal of several pending infringement 
suits, the abandonment of plans to institute a number of others, and the 
saving of many headaches to the owners and licensees of the hitherto 
walring groups. 


GASOLINE BLENDS 


The pressure exerted previously to force blending of alcohol with 
gasoline seems to have abated somewhat during the year. Reports 
regarding difficulty encountered in persuading farmers to grow starch 
crops at a price that would make the alcohol blend competitive with cur- 
rent gasoline prices lend support to claims that a move of this kind under 
present-day conditions would result in a subsidy to the farmers, raised 
probably in the form of higher costs to the gasoline-consuming public. 
The manufacture of about 12,000 gal. a day and its distribution in gasoline 
blends in Kansas, supported by the Chemical Foundation, continued 
throughout the year. 


IMPROVEMENTS IN PROCESSES 


Some additional solvent-treating and solvent-dewaxing capacity was 
added during 1937, but not commensurate in volume with the years 
immediately preceding. Increased power output demanded of the more 
advanced automobile engines, involving higher engine speeds, tempera- 
tures, and bearing pressures, will constitute a severer test for solvent- 
treated oils. On the other hand, bearing manufacturers have progressed 
toward reducing the corrosion susceptibility of some of the more sensitive 
bearing materials. 

Interest in addition agents to impart specific qualities to lubricants 
increased greatly, some worth-while new developments being brought out. 

A pre-coat, continuous rotary vacuum filter to take the place of the 
older type plate press for removal of clay in the contact treating process 
was proved in service. 

-Through and beneath the progress in refining was the continual study 
of corrosion and heat-resisting metals. The silicon-aluminum steels 
appear promising from the standpoint of corrosion resistance, whereas in 
the nonferrous group the Admiralty brasses with antimony inclusion seem 
to offer protection against dezincification. 
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